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PCT/CA98/00993 

WO 99/22262 

APPARATUS AND METHODS RELATING TO 
SPATIALLY LIGHT MODULATED MICROSCOPY 

FIELD OF THE INVENTION 

The field of the present invention is the magnification of , mages of objects, 

5 and more particularly microscopes and the field of microscopy. 

BACKGROUND OF THE INVENTION 

Microscopy is used to produce magnified representauons of both dynamic 

There are many different modes of microscopy such as 
and stationary objects or samples. There are many u 

and stationary j microscopy phase contrast microscopy, fluorescence 

briehtfidd microscopy, darkfield microscopy, A „ rtft k«p 
,0 rrdaoseopy refl^ceorreftectedBgh.-uacscopyandconfocinucroscopy. Alio thes 

dehver illumination U g h t in a control «- » -P'-< 

Typically, .his is accomplished using Kohier Ulumination in any of reflectance nucroscopy, 
JLisL microscopy or epifluorescence microscopy. Both of - 
I5 appropriate* placed diaphragms and ienses to con.ro, both .he : size of « e numenc. 
aTerlfdiuminauon cone) and .he s^ of .he iHurninated area of the sample. In K*r 

i mi] in at least two locations. Firs^ a diaphragm is placed 
uhmdnation, diaphragms are placed in at least two locauo 

m the conjugate image plane of the sample, a location which permits control of the size of 
L iUuminaL area of .he sample. Second, a diaphragm is piaced m .he comugate ,ma e 
2 0 p to of the aperture diaphragm of the objective lenses) (Otis location ,s also a « 

ca.be.sirnp.eirUCforexample.forbnghtilddrmcroscopyandep— 

rmcroscopyl bu. .he diaphragms can also be more complex (for example ,n daridield 

An example of a microscope using Kohier illumination ,s set forth ,n 
F^U. the figure, microscope 2 composes a Ugh. source 4 that emits a plurah* o 
.^.ays.wiucbhavebecndividcdin.ofirs.ligh.rayso, second ligta rays 8 an «h,rd ligh. 
rat.O ^ TheUghtraysare—ed along an iliumination Ugh. p.* 3 from hgh. source 
30 4 tiirough Ught source lens !2, adjus*b.e iris field diaphragm 14 and condenser lenses 16. 
An adjulble iris apenure diaphragm (condenser, 18 can be disposed between upstream 
aod downstieam condenser lenses .6. The light then contacts, or impinges upon, sample 
20 and then proceeds ,0 pass through objective lenses 22, which objective lenses can 

^ohr,™ f objective) 24 spaced between the objective lenses 22. and 
compnse an apenure diaphragm (oDieciivc^tap 

,« , h en.heli, ! h,raysproceed,oali g h.detec.or26.Asno.edabov,th=an g .eof,llum,na„or, 
^^K^rn,^^^ 
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planes of the aperture diaphragm of the objective lens, which planes can be found, for 
example, at light source 4 and the upstream aperture diaphragm 18 in Figure 1, while the 
location and/or area of iUumination of the sample can be controlled by modulating light as 
it passes through a conjugate image plane of the sample, which plane corresponds to the 
5 adjustable iris field diaphragm 14 in Figure 1 . 

One preferred form of microscopy is confocal microscopy, in which discreet 
aperture spots are illuminated in the object plane of the microscope from which 
transmission, reflected orfluorescent light is then relayed for observation through conjugate 
apertures in the image plane. In some embodiments, confocal microscopy can result in 
10 spatial resolution about 1.3 times better than the optimum resolution obtainable by 
conventional light microscopy. See, e.g., U.S. Patent No. 5,587,832. Additionally, 
confocal microscopy can reduce the interference of stray, out-of-focus light from an 
observed specimen above or below the focal plane, and can permit optical sectioning of 
tissue as well as high-resolution 3-D reconstruction of the tissue. The technique can 
15 effectively resolve individual cells and living tissue without staining. Confocal microscopy 
can be performed using mechanical translation of the specimen with fixed optics, or using 
a fixed specimen and scanning beams manipulated by special rotating aperture disks. See, 
U.S. Patent No. 4,802,748, U.S. Patent No. 5,067,805, U.S. Patent No. 5,099,363, U.S. 
Patent No. 5, 162,941 . Such disks typically comprise a plurality of apertures, but only one 
20 aperture at a time is used for confocal scanning. Still other known confocal scanning 
systems have used a laser beam rastered with rotating mirrors to scan a specimen or a laser 
beam that scans a slit rather than a spot; such slit scanning increases imaging speed but 
slightly degrades resolution. See, U.S. Patent No. 5,587,832. 

Conventional confocal microscopes can be slowto acquire images for certain 
25 applications and become even slower as the scan line density increases and the aperture 
separation decreases. In addition, it is difficult to practically adjust the perimeters of the 
confocal microscope in commercial systems, and the signal to noise ratio (SNR) is sacrificed 
to increasetheimagingrate. In addition, proper alignment of conventional confocal systems 
can be critical and difficult to maintain. In addition, laser-based systems are more expensive 
30 than white light systems, but such laser systems do not offer a selection of illumination 
wavelengths and can also lead to photo toxicity and rapid photo bleaching. 

Thus, there has gone unmet a need for improved microscopy systems, 
including confocal microscopy systems, wherein the angle of iUumination of a sample can 
be easily and rapidly controlled. There has also gone unmet a need for a microscope that 
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can east 



_ _sUy and rapidly control the quantity of light reaching the sample, including both 
varying the absolute quantity of light as well as the location on the sample upon which the 
quantity of light impinges. The present invention provides these and other advantages. 

SUMMARY OF THE INVENTION 
5 Thepresentmvenuonprovidesmicroscopesthathavesigiuficantadvantages 

in controlling the light that contacts a sample and/or that is detected emanating from a 
sample The improved control includes enhanced, selective control of the angle of 
illumination, the quantity of light and the location of light reaching the sample and/or 
detector The present invention provides these advantages by placing one or more spatial 
10 light modulators in the illumination and/or detection light path of the microscope at one or 
both of the conjugate image plane of the aperture diaphragm of the objective lens and the 

conjugate image plane of the sample. 

Thus, in one aspect the present invention provides microscopes comprising 
a spatial light modulator comprising an illumination array of individual light transmission 
15 pixels the spatial light modulator disposed in an illumination light path of the microscope 
at a conjugate image plane of an aperture diaphragm of an objective lens to provide an 

upstream spatial light modulator. 

In some embodiments, the microscopes selectively control the angle of 
illumination of a sample and the angle of detection of light emanating from the sample, 
20 wherein the upstream spatial Bght modulator is operably connected to a modulator 
controller containing computer-implemented programming that controls transmissive 
characteristics of the spatial light modulator to select a desired angle of flurnination and 
detection of the sample and wherein a selected portion of the individual light transmission 
pixels corresponding to the desired angle of illumination and detection is on. In other 
25 embodiments, the microscopes selectively control a quantity of light reaching a sample, the 
quantity being less than all the light emitted by a light source located at a beginning of the 
iUumination light path, wherein the upstream spatial light modulator is operably connected 
to a modulator controller containing computer-implemented programming that controls 
transmissive characteristics of the spatial light modulator to select a desired quantity of 
30 illumination and a selected portion of the individual light transmission pixels corresponding, 
to the desired quantity of illumination is on. 

In further embodiments, the microscopes are transmission or reflectance 
microscopes. The microscopes can comprise a lens disposed in the iUumination light path 
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between a light source and the spatial light modulator, the light source disposed at a 
conjugate image plane of an aperture diaphragm of the objective lens that is located 
upstream from the upstream spatial light modulator. The microscopes can further comprise 
a second spatial light modulator that is disposed in a detection light path, located at a 
i downstream conjugate image plane of an aperture diaphragm of the objective lens and 
operably connected to a second modulator controller containing computer-implemented 
prograrnnimgthat controls^ 

Preferably the first modulator controller is operably connected to the second modulator 
controller'such that the second light modulator selectively controls the light in the detection 
0 light path to correspond to the desired angle selected by the first modulator controller, the 
various controllers discussed herein can be separate controUers or can be a single controller. 

In still other embodiments, the microscopes provide darkfield microscopy, 
wherein the upstream spatial light modulator is operably connected to a first modulator 
controller containing computer-implemented programming that controls transmissive 
5 characteristics of the spatial Ught modulator to select a desired pattern for darkfield 
microscopy and a selected portion of the individual light transmission pixels corresponding 
to the desired pattern for darkfield microscopy is on, and a second spatial light modulator 
is disposed in a detection light path, located at a downstream conjugate image plane of an 
aperture diaphragm of the objective lens and operably connected to a second modulator 
20 controller containing computer-implemented prograrnming that controls transmissive 
characteristics of the second spatial light modulator to select a complementary pattern of 
the individual Ught transmission pixels of the second spatial light modulator to complement 
the pattern of individual light transmission pixels of the first spatial Ught modulator that are 
on, thereby providing a complementary pattern of the individual Ught transmission pucels of 
25 the second spatial Ught modulator that are on. 

In more embodiments, the microscopes alternate between darkfield 
microscopy and brightfield microscopy. This can be achieved, for example, wherein the first 
modulator controller and the second modulator controller control the transmissive 
characteristics of the first and second spatial Ught modulators to switch between brightfield 
30 microscopy and at least one desired pattern for darkfield microscopy. For this and other 
embodiments that comprise cycUng or a method, the microscopes preferably perform the 
method or cycle , for example, to alternate back and forth between darkfield microscopy and 
brightfield microscopy, with a cycle or method time of less than the time that is needed for 
the detector, such as a human eye or video camera, to acquire an image, for example less 
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than about .03 seconds, thereby providing real-time viewing if desired. In other preferred 
embodiments, the microscopes alternate back and forth between darkfield microscopy and 
brightfield microscopy without refocusing. 

In still more embodiments for this other aspects of the present invention 
5 (unless expressly stated otherwise or clear from the context, all embodiments of the present 
invention can be mixed and matched), the microscopes comprise a light detector located at 
a downstream end of a detection light path, the light detector comprising a detection array 
of individual detection pixels. In come embodiments, the detection array of individual 
detection pixels corresponds to and is aligned with the illumination array of individual hght 
10 transmission pixels in the upstream spatial light modulator and the detection array of 
mdividualdetectionpixdsisoperablycormectedtoadetector^^ 

arrayofmdividudUghtt™^^ 

modulator controller, such that the modulator controller contains computer-implemented 
programming that selects a plurality of desired angles of Ulumination of the sample and the 
1 5 detector controller contains computer-implemented programming that detects the changes 
mmtensitymthedetec^ 

ofdesired angles ofiUurnmation and detection and herefrom detennmesathree^^ 
image of the sample. In other embodiments, which can be combined with the previous 
embodiments, the modulator controller selects a plurality ofdesired angles of illumination 
20 of the sample to provide a plurality of images of the sample at a corresponding plurality of 
different depths within the sample and a reconstruction controller comprises computer- 
implemented programming that tomographic^ reconstructsthedifferentimagestoprov.de 

a three dimensional image of the sample. 

In more embodiments, the modulator controller selects the plurality of 
25 desired angles of iUumination of the sample such that the plurality of images of the sample 
at a corresponding plurality of different depths are obtained without moving the sample, a 

condensor lens or an objective lens. 

In other embodiments, the light detector is a charge-coupled device, charge- 
injection device, video camera and the microscopes can comprise one or more 
30 photomultiplier tubes and or ocular eyepieces located at a downstream end of the detection 
light path. The spatial light modulator can be, for example, a digital micromirror dev,ce,, 

microshutter or a liquid crystal device. 

In another aspect, the present invention provides microscopes comprising 
a variable field iris, the microscopes comprising a spatial light modulator comprising an 
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fflurnination array of individual light transmission pixels and disposed in an ulumination light 
path at a conjugate image plane of a sample, to provide an upstream spatial light modulator, 
and that is operably connected to a modulator controller containing computer-implemented 
programming that controls transmissive characteristics of the upstream spatial light 
5 modulator to select a plurality of desired field iris settings. In some embodiments for this 
and other aspects of the invention, the individual light transmission pixels of the iUumination 
array are in the on/off status corresponding to the desired field iris setting. 

In a further aspect, the present invention provides microscopes that project 
a selected image into an image plane of a sample of the microscope, the microscope 
10 comprising a spatial light modulator comprising an iUumination array of individual light 
transmission pixels and disposed in a first Ulumination Ught path at a conjugate image plane 
of the sample, to provide a first upstream spatial light modulator, wherein the upstream 
spatial light modulator is operably connected to at least one controller containing computer- 
implemented programming that varies an on/off status of the individual Ught transmission 
15 pixels of the iUumination array to correspond to the selected image, the microscope further 
comprising a second illumination light path that provides illumination Ught to the sample. 
The selected image can be projected onto the sample or adjacent to the sample or elsewhere 
if desired. 

In certain embodiments, the upstream spatial Ught modulator is disposed in 
20 both the first fluniination light path and the second Ulumination Ught path and a first portion 
ofthe individual light transmission pixels of the iUumination array provides Ulumination light 
to the sample and second portion of the individual Ught transmission pixels of the 
iUumination array are in an on/off status corresponding to the selected image. 

In further embodiments, wherein the microscopes further comprise a Ught 
25 detector disposed downstream from the sample in a detection light path at a conjugate 
image plane ofthe sample, wherein the spatial Ught modulator and the Ught detector are 
operably connected to at least one controUer containing computer-implemented 
programming that controls transmissive characteristics of the upstream spatial Ught 
modulator and that compUes the Ught intensity detection data provided by the Ught detector, 
30 the controller selectively varies the on/off status of individual Ught transmission pixels ofthe 
spatial Ught modulator to vary the light intensity impinging on selected spots ofthe sample 
and thereby vary the intensity of Ught emanating from the selected spots of the sample and 
impinging on at least one pixel of the Ught detector. 
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In a further aspect, the present invention provides microscopes that provide 
a uniform intensity of Rumination light to a sample, the microscopes comprising a spatial 
light modulator comprising an illumination array of individual light transmission pixels and 
disposed in an illumination light path at a conjugate image plane of the sample, to provide 
5 an upstream spatial light modulator, and a light detector comprising a detection array of 
individual detection pixels and disposed downstream from the upstream spatial light 
modulator at a conjugate image plane of the sample and that receives light directly from the 
upstream spatial light modulator, wherein the spatial light modulator and the light detector 
are operably connected to at least one controller containing computer-implemented 
10 programming that controls transmissive characteristics of the upstream spatial light 
modulatorandthatcompilesthe light intensity detection dataprovided by the light detector, 
wherein the at least one controller selectively varies the on/off status of individual light 
transmission pixels of the spatial light modulator to compensate for non-uniform light 
intensities detected by the light detector, thereby providing a uniform intensity of 
15 ulumination light that is transmitted to the sample. 

In still another aspect, the present invention provides microscopes that vary 
the intensity of light emanating from a sample to a light detector, the microscopes 
comprising a spatial light modulator comprising an illumination array of individual light 
transmission pixels and disposed in an illumination light path at a conjugate image plane of 
20 the sample, to provide an upstream spatial light modulator, and the light detector which 
comprises a detection array of individual detection pixels and is disposed downstream from 
the sample in a detection light path at a conjugate image plane of the sample, wherein the 
spatial light modulator and the light detector are operably connected to at least one 
controller containing computer-implemented programming that controls transmissive 
25 characteristics of the upstream spatial light modulator and that compiles the light intensity 
detection data provided by the light detector, wherein the controller selectively vanes the 
on/off status of individual light transmission pixels of the spatial light modulator to vary the 
light intensity impinging on selected spots of the sample and thereby vary the intensity of 
light emanating from the selected spots of the sample and impinging on at least one pixel 

30 of the light detector. 

In various embodiments, the controller selectively varies the on/off status of, 

individual light transmission pixels of the spatial light modulator such that when the light 
intensity impinging on a pixel of the light detector is greater than or equal to a threshold 
level that indicates that the light intensity significantly adversely affects adjacent pixels then 
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at least one corresponding pixel in the upstream spatial light modulator is turned offfor a 
time sufficient to reduce the light intensity impinging on the pixel of the light detector below 
the threshold level. In further embodiments, the controller selectively varies the on/off 
status of individual light transmission pixels of the spatial light modulator such the light 
5 intensity impinging on the detection array of pixels of the light detector is uniform across 
the detection array, and the controller determines the light intensity characteristics of the 
sample by determining an amount of time individual pixels in the illumination array of the 
upstream spatial light modulator are on or off. 

In still further embodiments, the microscopes further comprise a second 
10 spatial light modulator that is disposed in the detection light path, located at a downstream 
conjugate image plane of a sample and operably connected to a second modulator controller 
containing computer-implemented programming that controls transmissive characteristics 
of the second spatial light modulator. In other embodiments, the microscopes can be a 
confocal microscope. For some embodiments, the detection array of individual detection 
15 pixels corresponds to and is aligned with the illumination array of individual light 
transmission pixels in the upstream spatial light modulator. The at least one controller 
contains computer-implemented programming that controls transmissive characteristics of 
the upstream spatial light modulator to provide at least one illumination spot to the sample 
by causing at least one individual light transmission pixel of the upstream spatial light 
20 modulator to be on while adjacent pixels are off and the detection array selectively detects 
the illumination spot. In preferred embodiments, the at least one controller causes the 
upstream spatial light modulator to simultaneously form a plurality of the illumination spots 
and to provide sequential complementary patterns of the spots. 

In still other embodiments, the at least one controller causes the light 
25 detector to detect only light impinging on a central detection pixel aligned with and 
corresponding to an individual light transmission pixel of the upstream spatial light 
modulator that is on. The at least one controller can also cause the light detector to detect 
light impinging on a central detection pixel aligned with an individual light transmission pixel 
of the upstream spatial light modulator that is on and to detect light impinging on at least 
30 one detection pixel adjacent to the central detection pixel, and the controller contains 
computer-implemented programming that compiles the data provided by the at least one, 
adjacent detection pixel and combines it with the data provided by the central detection 
pixel. In certain preferred embodiments the computer-implemented programming compiles 
the data provided by the adjacent detection pixels and combines it with the data provided 
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by the central detection pixel such that the rejection of the out of focus information of the 
microscope is enhanced compared to the focus without the data from the adjacent detection 
pixels and/or compiles the data provided by the adjacent detection pixels and combines it 
with the data provided by the central detection pixel to determine the light absorption 

5 characteristics of the sample. 

In still a further aspect, the present invention provides microscopes 
comprising a first spatial light modulator comprising a first illumination array of individual 
light transmission pixels, the first spatial light modulator disposed in an mumination light 
path at a conjugate image plane of an aperture diaphragm of an objective lens to provide a 
10 first upstream spatial light modulator and a second spatial light modulator comprising a 
second illumination array of individual light transmission pixels and disposed in the 
iUumination light path at a conjugate image plane of a sample to provide a second upstream 
spatial Ught modulator. In further embodiments, the microscopes further comprise a third 
spatial light modulator disposed at the downstream conjugate image plane of an aperture 
15 diaphragm of the objective lens and/or a fourth spatial Ught modulator is disposed in the 
detection Ught path and located at the downstream conjugate image plane of a sample, as 
well as desired detectors and/or controUers. 

In some embodiments, the microscopes provide confocal properties and 
selectively control the angle of illumination of a sample and the angle of detection of Ught 
20 emanatmgfrom the sample, where^ 

transmissive characteristics of the first spatial Ught modulator selects a desired angle of 
iUumination and detection of the sample and wherein a selected portion of the individual 
Ught transmission pixels of the first spatial Ught modulator corresponding to the desired 
angle of illumination and detection is on and wherein the computer-implemented 
25 programntingthat controls tr^^ 

provides at least one iUumination spot to the sample by causing at least one individual Ught 
transmission pixel of the second spatial light modulator to be on whUe adjacent pixels are 
off and the detection pixels of the detection array are positioned to selectively detect the 
iUumination spot. 

30 in further embodiments, the computer-implemented programming causes the 

iUumination array of individual Ught transmission pixels in the first spatial Ught modulator, 
to provide a pluraUty of desired angles of illumination of the sample and the detection array 
of individual detection pixels to detect changes in intensity in the detection array of 
individual detection pixels corresponding to the plurality of desired angles of illumination 
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and therefrom deteraiining a three-dimensional image of the sample. The computer- 
implemented programming can also cause the illumination array of individual light 
transmission pixels in the first spatial light modulator to provide a plurality of desired angles 
of illumination of the sample to provide a plurality of images of the sample at a 
5 corresponding plurality of different depths within the sample and then tomographically 
reconstructs the different images to provide a three dimensional image of the sample. These 
embodiments are preferably effected without moving the sample, a condensor lens or an 
objective lens and can also selectively provide darkfield microscopy by causing the 
illumination array of individual light transmission pixels in the first spatial light modulator 
10 toprovideadesiredpattemfordarkfieldnto 

light transmission pixels corresponding to the desired pattern for darkfield microscopy is on 
and a complementary pattern of the individual light transmission pixels of the third spatial 
light modulator is on. The microscopes can alternate between darkfield microscopy and 

brightfield microscopy without refocusing. 

15 instfflfurtheremboriments.thecomputer^ 

the light detector to detect only light impinging on a central detection pixel aligned with and 
corresponding to an individual light transmission pixel of the second spatial light modulator 
that is on, and can compile the data provided by the at least one adjacent detection pixel and 
combine it with the data provided by the central detection pixel. Thus the computer- 

20 implemented programming can compile the data provided by the adjacent detection pixels 
and combine it with the data provided by the central detection pixel such that the focus of 
the microscope is enhanced compared to the focus without the data from the adjacent 
detection pixels. 

In yet further embodiments, the microscopes provide time-delayed 
25 fl U orescencedetetfion,whereintte 

of the spatial light modulators to illuminate the sample for an amount of time suitable to 
taducefluorescenrcinthesampleandta 

the detector to begin detecting fluorescence emanating from the sample. 

In yet other aspects, the present invention provides microscopes comprising 
30 means for spatial light modulation disposed in an illumination light path at a conjugate image 
plane of an aperture diaphragm of an objective lens, which means for spatial light 
modulation can comprise means for selectively controlling a desired angle of Ulumination 
of a sample, wherein the means for spatial light modulation is operably connected to a 
computer means for controlling transmissive characteristics of the spatial light modulator 
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for selecting the desired angle of illumination of the sample. The microscopes can comprise 
a variable field iris, the microscopes comprising means for spatial light modulation that is 
disposed in an illumination light path at a conjugate image plane of a sample, wherein the 
comprising means for spatial light modulation is operably connected to computer means for 
5 controlling transmissive characteristics of the spatial light modulator and for selecting a 

plurality of desired field iris settings. 

In still yet other aspects, the present invention provides microscopes 
comprising that project a selected image into the image plane of a sample, the microscope 
comprising means for spatial light modulation that is disposed in an iUumination light path 
10 at a conjugate image plane of the sample, wherein the means for spatial light modulation is 
operably connected to at least one computer means for controlling transmissive 
characteristics of the means for spatial light modulation and for projecting the selected 
image into the image plane of the sample, the microscope further comprising a second 
illumination light path that provides Ulumination light to the sample. 
15 in other aspects, the present invention provides microscopes that provide a 

uniform intensity of illumination light to a sample, the microscope comprising means for 
spatial light modulation that is disposed in an illumination light path at a conjugate image 
plane of the sample, and means for detecting light that is disposed downstream from the 
means for spatial light modulation at a conjugate image plane of the sample and that 
20 receives light directly from the means for spatial light modulation, wherein the means for 
spatial light modulation and the means for detecting light are operably connected to at least 
one computer means for controlling transmissive characteristics of the means for spatial 
light modulation and that compiles the light intensity detection data provided by the means 
for detecting light, wherein the computer means selectively controls the transmissive 
25 characteristicsofmemeansfo^ 

intensities detected by the light detector, thereby providing a uniform intensity of 
illumination light that is transmitted to the sample. 

In yet other aspects, the present invention provides microscopes that vary 
the intensity of light emanating from a sample to a means for detecting light, the microscope 
30 comprising means for spatial light modulation that is disposed in an Ulumination light path 
at a conjugate image plane of the sample and means for detecting light that is disposed, 
downstream from the sample in a detection light path at a conjugate image plane of the 
sample, wherein the means for spatial light modulation and the means for detecting light are 
operably connected to at least one computer means for controlling transmissive 
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characteristics of the means for spatial light modulation and that compiles the light intensity 
detection data provided by the means for detecting light, wherein the computer means 
selectively controls the transmissive characteristics of the means for spatial light modulation 
to vary the light intensity impinging on selected spots of the sample and thereby vary the 
intensity of light emanating from the selected spots of the sample and impinging on at least 

one pixel of the light detector. 

In some embodiments, the computer means selectively varies the transmissive 
characteristics of the means for spatial light modulation such that when the light intensity 
impinging on a pixel of the means for detecting light is greater than or equal to a threshold 
level that indicates that the light intensity significantly adversely affects adjacent pixels then 
the transmissive characteristics of the means for spatial light modulation are varied for a 
time sufficient to reduce the light intensity impinging on the pixel of the means for detecting 
light below the threshold level. In other embodiments, the computer means selectively 
varies the transmissive characteristics of the means for spatial light modulation such that the 
light intensity impinging on the means for detecting light is uniform across the means for 
detecting light, and the computer means determines the light intensity characteristics of the 
sample by determining variation of the transmissive characteristics of the means for spatial 
light modulation. The microscopes can further comprise a second means for spatial light 
modulation that is disposed in the detection light path at a downstream conjugate image 
plane of a sample and is operably connected to a second computer means for controlling 
transmissive characteristics of the second means for spatial light modulation. 

In still yet further aspects, the present invention provides microscopes 
comprising a first means for spatial light modulation that is disposed in an illumination light 
path at a conjugate image plane of an aperture diaphragm of an objective lens and a second 
means for spatial light modulation that is disposed in the illumination light path at a 
conjugate image plane of a sample. The microscopes can further comprise a third means 
for spatial light modulation is disposed at the downstream conjugate image plane of the 
aperture diaphragm of the objective lens, a fourth means for spatial light modulation is 
disposed in the detection light path and located at the downstream conjugate image plane 
of the sample, or means for detecting light located at a downstream end of the detection 
light path. All the means for spatial light modulation and the means for detecting light can 
be operably connected to at least one computer means for controlling the light transmissive 
or detection characteristics of the at least one means for spatial light modulation and the 
means for detecting light. 
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In still yet more aspects, the present invention provides methods of 
modulating an illumination light path within a microscope wherein the illumination light path 
comprises a spatial light modulator comprising an illumination array of individual light 
transmission pixels at a conjugate image plane of an aperture diaphragm of an objective lens, 
5 the method comprising modulating the illumination light path by selecting light transmissive 
characteristics of the spatial light modulator. The methods can further comprise 
transmitting light along the illumination light path such that the light passes the spatial light 
modulator and thereby modulating the light by the spatial light modulator. 

In some embodiments, the methods further comprise selectively controlling 
10 an angle of illumination of a sample and an angle of detection of light emanating from the 
sample by turning on a selected portion of the individual light transmission pixels 
corresponding to the desired angle of illumination and detection. In other embodiments, the 
methods further comprise selectively controlling the quantity of light reaching a sample, the 
quantity being less than all the light emitted by a light source located at a beginning of the 
1 5 illumination light path, the methods comprise selecting a desired quantity of illumination by 
turning on a selected portion of the individual light transmission pixels corresponding to the 
desired quantity of illumination. In further embodiments, the methods further comprise 
darkfield microscopy and the methods further comprise: setting on a selected portion of the 
individual light transmission pixels of the illumination array corresponding to a desired 
20 pattern for darkfield microscopy, and setting on a selected portion of the second array 
corresponding to a complementary pattern that complement the desired pattern of the 
illumination array. The methods can further comprise alternating between darkfield 
microscopy and brightfield microscopy with or without refocusing. 

In still some other embodiments, wherein the spatial light modulator is 
25 connected to a modulator controller containing computer-implemented programming that 
controls transmissive characteristics of the spatial light modulator and the microscope 
further comprises a light detector comprising a detection array of individual detection pixels 
and located at a downstream end of a detection light path, wherein the light detector is. 
operably connected to adetector controller containing computer-implemented programming 
30 that controls detection characteristics of the detection array, and the methods further 
comprise: selecting a plurality of desired angles of illumination of the sample, and detecting 
the changes in intensity in the detection array corresponding to the plurality of desired 
angles of illumination, and therefrom determining a three-dimensional image of the sample. 
Alternatively, the methods can further comprise: selecting a plurality of desired angles of 
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illumination of the sample to provide a plurality of images of the sample at a corresponding 
plurality of different depths within the sample, and tomographically reconstructing the 
different images to provide a three dimensional image of the sample. Preferably, the 
selecting and the reconstructing are performed without moving the sample, a condensor lens 

5 or an objective lens. 

In still yet further aspects, the present invention provides methods for 
varying a field iris in a microscope wherein the microscope comprises a spatial light 
modulator comprising an illumination array of individual light transmission pixels and 
disposed in an illumination light path at a conjugate image plane of a sample, wherein the 
10 spatial light modulator is operably connected to a modulator controller containing 
computer-implemented programming that controls transmissive characteristics of the spatial 
light modulator, the methods comprising: selecting a desired field iris setting by setting the 
individual light transmission pixels of the illumination array to an on/off status 
corresponding to the desired field iris setting, and then changing the individual light 
15 transmission pixels of the Ulumination array to a different on/off status corresponding to a 
different desired field iris setting, thereby varying the field iris. 

In still more aspects, the present invention provides methods of projecting 
a selected image into an image plane of a sample of a microscope, the microscope 
comprising a spatial light modulator comprising an illumination array of individual light 
20 transmission pixels and disposed in a first illumination light path at a conjugate image plane 
of the sample, to provide a first spatial light modulator, wherein the first spatial light 
modulator is operably connected to at least one controller containing computer- 
implemented programming that varies an on/off status of the individual light transmission 
pixels of the iUumination array to correspond to the selected image, the microscope further 
25 comprising a second iUumination light path that provides illumination light to the sample, 
the method comprising: setting the individual light transmission pixels to an on/off status 
corresponding to the selected image, and projecting light onto the spatial light modulator 
such that the light passed by the spatial light modulator along the illumination light path to 
the image plane of the sample conveys the selected image. The methods can further 
30 comprise projecting the selected image onto the sample or adjacent to the sample. 

In other embodiments, wherein the microscope further comprises a lighj 
detector comprising a detection array, the methods further comprise: selectively varying the 
on/off status of individual light transmission pixels of the spatial light modulator to vary the 
light intensity impinging on selected spots of the sample and thereby vary the intensity of 
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light emanating from the selected spots of the sample and impinging on at least one pixel 

of the light detector. 

In still other aspects, the present invention provides methods for providing 
uniform intensity of illumination Ught to a sample in a microscope, wherein the microscope 
comprises a spatial light modulator comprising an Ulumination array of individual light 
transmission pixels and disposed in an illumination light path at a conjugate image plane of 
a sample and a light detector comprising a detection array of individual detection pixels and 
disposed downstream from the upstream spatial Ught modulator at a conjugate image plane 
of the sample and that receives light directly from the upstream spatial Ught modulator, 
wherein the spatial Ught modulator and the Ught detector are operably connected to at least 
one controller containing computer-implemented programming that controls transmissive 
characteristics of the upstream spatial Ught modulator and that compiles the light intensity 
detection data provided by the Ught detector, the methods comprising: varying the on/off 
stamsofmdividualUghttransmissionpixelsofthespatialUghtmodulatorto compensator 

non-uniform Ught intensities detected by the Ught detector, thereby providing a uniform 
intensity of illumination Ught that is transmitted to the sample. 

In still more other aspects, the present invention provides methods for 
varying the intensity of Ught emanating from a sample to a Ught detector in a microscope, 
wheremthen^croscopecomprisesasp^ 

of individual Ught transmission pixels and disposed in an illumination light path at a 
conjugate image plane of the sample and a Ught detector that comprises a detection array 
of individual detection pixels and is disposed downstream from the sample in a detection 
Ught path at a conjugate image plane of the sample, wherein the spatial Ught modulator and 
the Ught detector are operably connected to at least one controller containing computer- 
25 implemented programming that controls transmissive characteristics of the spatial Ught 
modulatorandthatcompilesthelightintensity detection data provided by the Ught detector, 
the methods comprising: varying an on/off status of individual Ught transmission pixels of 
the spatial Ught modulator to vary the Ught intensity impinging on selected spots of the 
sample and thereby varying the intensity of Ught emanating from the selected spots of the 
30 sampleandimpingingonatleastonepixeloftheUghtdetector. In some embodunents, the 
methods can further comprise selectively varying the on/off status of individual Ught. 
transmissionpixelsofthespatialUghtmodulator such that when the U^ht intensity impinging 
on a pixel of the light detector is greater than or equal to a threshold level that indicates that 
the light intensity significantly adversely affects adjacent pixels then turning off at least one 
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copending pixel in the spatial Ugh. modulator for a time sufficient to reduce the ught 
Wens^impingtagonmepbtelofAenghtdetectorbelowthethreshold 
cnalso comprise S ele 0 ivdyvar y ingtheon/offsutu S ofmdividuaJU^tuansnis S .onp K d S 
of .he spatial light modulator such the light intensity impinging on the detection array of 
5 pixels of the Ugh. detector is uniform across the detection array, and determining ; .he hgh. 
intensity characteristics of me sample by determining an amount of time mdrvdual ptxels m 
the iUumination array of the upstieam spatial light modulator are on or off. 

1„ am some olher embodiments, wherein tile microscope is a confocal 
horoscope, u,e melhods further comprise providing at leas, one Rumination spot to .he 
10 sample by causing at leas, one individual light transmission pixel of the spatial Ugh. 
ra „dula.or to be on while adjacent pixels are off and then me defection array selectively 
detects the illumination spot Preferably, the spatial light modulator simultaneously forms 
a plurality of me illumination spots and provides sequential complementary patterns of the 
spots In olher embodiments, the methods further comprise detecting light impingmg on a 
1 5 cential detection pixel aligned with an individual light tiansmission pixel of the spatial hght 
m „dulator mat is on and detecting Ught impinging on a. leas, one detection ptxel adjacen 
to me central detection pixel, and compiling the data provided by the a. leas, one ^jacen. 
detection pixel a*! combining it with me da* provided by me centra, detection pocel. The 
nvetitods can further comprise compiUng me da.aprovided by the adjacent detection p«e.s 

of the out of focus information of the microscope is enhanced compared to me focus 
without thedatafromthe adjacent detection pixels, or the m«hods can comprise computng 
the datt provided by me adjacen. detection pixels and combining it with the dati, provded 
byth ecentialdetection P ixdandm=reffomdete^ 

25 of the sample. ul 
In some embodiments, the methods provide red tune Erectly viewable 

confocal microscopy. 

In other aspects, the present invention provides methods of confocal 

microscopy comprising use of a microscope comprising a first spatial light modulator 

30 comprising a first mumination array of individual light transmission pixels, the first spatxal 

light modulator disposed in an ulumination light path at a conjugate image plane of an 

aperturediaphragm of an objective lens to provide a first upstream ^spatial light moddator 

a second spatial light modulator comprising a second ulumination array of indmdual hght 

transmissionpixelsanddisposedmthemummationlightp 
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a sample to provide a second upstream spatial light modulator, and a light detector located 
at a downstream end of the detection light path, the light detector comprising a detection 
array of individual detection pixels, wherein the spatial light modulators and the light 
detector are operably connected to at least one controller containing computer-implemented 

5 programming that controls the light transmissive or detection characteristics of the spatial 
light modulators and the light detector, wherein the methods comprise: selecting a desired 
angle of illumination and detection by turning on a selected portion of the individual light 
transmission pixels of the first illumination array corresponding to the desired angle of 
illumination and detection, and selecting a desired illumination spot by turning on a selected 

10 portion of the individual light transmission pixels of the second illumination array 
corresponding to the desired illumination spot such at least one individual light transmission 
pixel of the second illumination array is on while adjacent pixels are off and the detection 
pixels of the detection array are positioned to selectively detect the Ulumination spot. Such 
methods can further provide 3-D imaging, with or without moving the sample, a condensor 

1 5 lens or an objective lens. 

In more aspects, the present invention the methods comprise time-delayed 
fluorescence detection, the methods comprising: illuminating the sample for an amount of 
time suitable to induce fluorescence in the sample, ceasing illuminating the sample, and then 
detecting fluorescence emanating from the sample. 

20 These and other aspects of the present invention will become evident upon 

reference to the following Detailed Description and attached drawings. In addition, various 
references are set forth herein that describe in more detail certain apparatus and methods 
(e.g., spatial light modulators, etc.); all such references are incorporated herein by reference 
in their entirety. 



25 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 provides a schematic view and an expanded schematic view of a 
conventional transmission light microscope using Kohler iUumination. 

Figure 2A provides a schematic view of a digital micromirror device as used 
in the apparatus and methods of the present invention. 
30 Figure 2A provides a detailed schematic plan view of a spatial light" 

modulator that is a digital micromirror device. 

Figure 2C provides a schematic view of a digital micromirror device 
transmitting light as different functions of time. 
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Figure 3 provides a schematic view and an expanded schematic view of a 
microscope according to one embodiment of the present invention that comprises a spatial 
light modulator to replace the field diaphragm. 

Figure 4A-4I show a partial scanning sequence of an object using an spatial 
5 light modulator with sequential complementary patterns of a plurality of illumination spots. 

Figure 5 provides a schematic view and an expanded schematic view of a 
further embodiment of a microscope according to the present invention in which an spatial 
light modulator is positioned upstream of, or before, a dichroic mirror. 

Figure 6 provides a schematic view of an area of a pixelated light detector 
10 for use in the present invention showing an example of the area of the detector illuminated 
by one of the mirrors of the spatial light modulator. 

Figure 7A provides a schematic view of a spatial light modulator in which 
multiple adjacent pixels are switched "on" to define an illumination spot of a desired size. 

Figure 7B provides a schematic view of an spatial light modulator in which 
15 multiple adjacent pixels are rapidly switched on and off such that when time averaged the 
mirrors are partially on or partially off to define a Gaussian profile Ulumination spot. 

Figure 8 provides a schematic view of a microscope according to another 
embodiment of the present invention that uses two spatial light modulators. 

Figure 9 provides a schematic view of a microscope according to a still 
20 further embodiment set up for Kohler illumination in which spatial light modulator replace 
the condensor aperture and objective aperture diaphragms in their conjugate image plane 
of the sample. 

Figure 10 is a schematic view and an expanded schematic view of a 
microscope according to still another embodiment of the invention that comprises four 
25 digital micromirror devices to control the light transmission characteristics of the conjugate 
image plane of the sample and the conjugate image plane of the aperture diaphragm of the 
objective lens. 

Figure 11 illustrates one manner in which a microscope of the present 
invention can be used to correct for spherical aberration effects of a lens by images of the 
30 sample at a plurality of different depths with the sample using selected illuminating and 
detection orientations from selected z positions and combining the images into a composite 
image. 
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Figure 12 is a timing diagram showing a manner in which the on/off status 
of a pair of spatial light modulators can be coordinated to perform time delayed fluorescence 
microscopy. 

Figure 13 depicts a schematic view and an expanded schematic view of a 
5 microscope according to a further embodiment of the present invention wherein the 
microscope is similar to the microscope in Figure 10, except the microscope is used for 
reflectance microscopy, and two spatial light modulators provide spatial light modulation 
in each of the illumination light path and the detection light path, thereby functionally 
providing four spatial light modulators in the light path. 
!0 Figure 14 depicts a schematic view of a microscope according to a further 

embodiment of the present invention wherein the microscope is similar to the microscopes 
set forth in Fgiures 10 and 13, wherein the microscope is used for reflectance microscopy 
and a total of four spatial light modulators are interspersed in the illumination light path and 
the detection light path. 

1 5 detailed description of the invention 

The present invention provides microscopes that have significant advantages 
in controlling the light that contacts the sample. The microscopes also have advantages with 
regard to the controlling the light that contacts a light detector, such as the eye of the user 
or a video camera. The improved control includes enhanced, selective control of the angle 

20 of illumination, quantity of light and location of light reaching the sample and/or detector, 
such that the light reaching the sample comprises one or more desired characteristics. The 
present invention provides these advantages by placing one or more spatial light modulators 
in the illumination and/or detection light path of the microscope at one or both of the 
conjugate image plane of the aperture diaphragm of the objective lens and the conjugate 

25 image plane of the sample. 

Definitions 

A "spatial light modulator" (SLM) is a device that is able to selectively 
modulate light. In the present invention, spatial light modulators are disposed in the light 
30 path of a microscope. Typically, the spatial light modulator comprises an array of individuals 
light transmission pixels, which are a plurality of spots that have transmissive characteristics 
such that they either transmit or pass the light along the light path or block the light and 
prevent it from continuing along the light path (for example, by absorbing the light or by 
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reflecting it out of the light path). Such pixelated arrays are well known in the art, having 
also been referred to as a multiple pattern aperture array, and can be formed by an array of 
ferroelectric liquid crystal devices, by a digital micromirror device, or by electrostatic 
microshutters. See, U.S. Patent No. 5,587,832; R. Vuelleumier, Novel Electromechanical 
5 Microshutter Display Device, Proc. Eurodisplay '84, Display Research Conference 
September 1 984. Digital micromirror devices can be obtained from Texas Instruments, Inc., 

Dallas, Texas, U.S.A. 

The "illumination light path" is the light path from a light source to a sample, 
while a "detection light path" is the light path for light emanating a sample to a detector. 
10 Light emanating from a sample includes light that reflects from a sample, is transmitted 
through a sample, or is created within the sample, for example, fluorescent light that is 
created within a sample pursuant to excitation with an appropriate wavelength of light 
(typically UV or blue light). 

A "conjugate image plane of an aperture diaphragm of the objective lens" is 
15 a plane in either the illumination or detection light path where an image of the aperture 
diaphragm of the objective lens is recreated. Typically, this image plane also contains a 
recreation of the image of the light source, which in the present invention can be any light 
source such as a white light, an arc lamp or a laser. The conjugate image planes of the 
aperture diaphragm of the objective lens define locations that control the angle of 
20 illumination light that is ultimately impinged on a sample, as well as the angle of detection 
light that emanates from a sample (the "angle of illumination" and "angle of detection" refer 
to the angle of the light that is either impinging upon or emanating from a sample). 

A "conjugate image plane of the sample" is a plane in either the illumination 
light path or the detection light path wherein image of the sample is recreated. The light 
25 detector(s) is typically located in one such site in the detection light path. The conjugate 
image planes of the sample defines locations that can control the size and location of spots 
on the sample that are illuminated and/or detected (depending upon whether the conjugate 
plane is in the illumination light path or the detection light path). The image plane of the 
sample is the plane wherein the sample is located, although the image plane of the sample 
30 can be greater or smaller than the size of the actual sample if either a plurality of light paths 
are provided or if the illumination area is greater or smaller than the size of the sample. u 
A "controller" is a device that is capable of controlling a spatial light 
modulator, a detector or other elements of the apparatus and methods of the present 
invention. For example, the controller can control the transmissive characteristics of the 
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pixels in a spatial light modulator, control the on/off status of pixels of a pixelated light 
detector (such as a charge coupled device (CCD) or charge injection device (CID)), and/or 
compile data obtained from the detector, including using such data to make or reconstruct 
images or as feedback to control an upstream spatial light modulator. Typically, a controller 
5 is a computer or other device comprising a central processing unit (CPU). Controllers are 
well known in the art and selection of a desirable controller for a particular aspect of the 
present invention is within the scope of the art in view of the present disclosure. 

"Upstream" and "downstream" are used in their traditional sense wherein 
upstream indicates that a given device is closer to a light source, while downstream indicates 
10 that a given object is farther away from a light source. 

The terms set forth in this application are not to be interpreted in the claims 
as indicating a "means plus function" relationship unless the word "means" is specifically 
recited in the claims. This is also true of the term "step" for process or method claims. 

Other terms and phrases in this application are defined in accordance with 
1 5 the above definitions, and in other portions of this application. 



The Figures 

Turning to the figures, Figure 1 depicts a prior art Kohler illumination-type 
microscope, and was discussed above. 
2 0 Figure 2A depicts a schematic view of a spatial light modulator, in this 

instance a digital micromirror device, in use in a microscope in accordance with the present 
invention. In Figure 2A, light source 4 directs light onto micromirrors 42 of a digital 
micromirror device, which micromirrors are shown in both side view and top view. When 
a micromirror is in the "on" position, the light from light source 4 is reflected along an 

25 Ulumination light path 3, through projection lens 30 and into image plane 40. When a 
particular micromirror, which is an individual light transmission pixel, is in the "off- 
position, then the light from light source 4 is reflected to a beam stop 37. Thus, the on/off 
status of the individual light transmission pixels is established by whether or not the pixel 
is transmitting light along the desired light path. The on/off status of the pixels is capable 

30 of changing or alternating very rapidly. For example, in a digital micromirror device, the 
mirrors cycle from on to off to on (or vice-versa) in less time that can be observed by tlw 
human eye, for example, less than about 0.3 seconds, and even as fast as about 20 
microseconds. 
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Figure 2B depicts a detailed schematic plan view of a digital micromirror 
device 34 wherein individual micromiirors 46 are disposed atop mirror posts 48. In the 
embodiment depicted, there is an approximately 1 \i\im gap between the mirrors, and the 
mirrors are about 16 u,um by 16 uum. Other shapes and sizes of mirrors are also possible. 

5 

Figure 2C depicts a schematic representation of a spatial light modulator of 
the present invention in use. In particular, digital micromirror device 34 reflects a plurality 
of light beams along illumination path 3 to projection lens 30 and into image plane 40. In 
a central column of the digital micromirror device 34, each of the digital micromirrors has 
10 a different percentage of time in which the mirror is on instead of off. For example, the top 
most micromirror in the figure is on 100% of the time, while the bottom most micromirror 
in the column in the figure is off 100% of the time, while the four mirrors between the two 
have an on/off status that is between 100% on and 100% off. Thus, each of the light rays 
from the central column have a different video field time 50, which video field time 
1 5 corresponds to the amount of on and off time for the particular micromin-or. 

Figure 3 depicts a schematic drawing of a microscope according to the 
present invention having a spatial light modulator in an upstream conjugate image plane of 
the sample. Such a microscope is one of the embodiments herein that permits dynamic 
illumination control. Light source 4 emits first light rays 6, second light rays 8 and third 
20 light rays 1 0 along illumination light path 3 toward the sample 20. The light rays first pass 
through a filter 36, then reflect off a dichroic mirror 38 (the dichroic mirror 38 and filter 36 
are maintained in a dichroic mirror and filter block set 28) and through a projection lens 30, 
followed by reflection off a simple mirror 32 onto a spatial light modulator, which in the 
figure is a digital micromirror device 34. As depicted in the figure, all of the individual light 
25 transmission pixels {i.e., micromirrors in the figure) are on, and thus all of light rays 6, 8, 
10 are transmitted to objective lens set 22 and sample 20. The light is then reflected off the 
sample back through objective lens 22, off digital micromirror device 34 and simple mirror 
32 and then transmitted through projection lens 30. The light then continues past dichroic 
mirror 38, filter 36 and ultimately to light detector 26. The light is transmitted from the 
30 sample to the light detector 26 along detection light path 5. In Figure 3, digital micromirror 
device 34 is placed in a conjugate image plane of the sample in each of the Ulumination light 
path 3 and the detection light path 5. Thus, a single digital micromirror device functions as 
both a first spatial light modulator and a second spatial light modulator, one which is 
upstream from the sample and one of which is downstream from the sample. Light detector 
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26 can be any light detector as is well known in the art, for example, a charged coupled 
device (CCD), a charged injection device (CID), a video camera, a photo multiplier tube or 
a human eye (in which case the light detector preferably includes an ocular eyepiece for the 
eye). If desired, it is possible to use a plurality of different light detectors either in series or 
5 in an adjacent relationship or in any other desired relationship. In preferred embodiments, 
the light detector is a CCD or a CID or other light detector that comprises as array of 
individual detection pixels, which indicates a plurality of spots, typically on the same order 
of the same side as the pixels in the spatial light modulator. 

In preferred embodiments, the detection array of individual detection pixels 
10 in light detector 26 corresponds to and is aligned with the illumination array of individual 
light transmission pixels in the spatial light modulator. Accordingly, the detection array has 
an equivalent number of pixels, each of which is aligned with the pixels of the spatial light 
modulator array, or groups of such pixels are aligned with each other. In certain 
embodiments, this alignment can be effected by using a single digital micromirror device at 
15 a desired conjugate image plane in both the Ulumination light path and the detection light 
path, for example as depicted in Figure 3. 

Because digital micromirror device 34 is located at a conjugate image plane 
of the sample, it is capable of controlling both the quantity of light and the location of light 
that reaches the sample. Thus, if desired, it is possible to illuminate a single pixel of the 
20 digital micromirror device, which in turn will illuminate a single corresponding pixel of the 
sample, and then simultaneously detect that same pixel of the sample and pass the 
information from that pixel to the light detector 26. 

Figure 3 depicts a reflectance microscope, which means that the light reflects 
offof the sample, but it could also represent a transmission microscope, which would mean 
25 the light would transmit through the sample if, a separate second spatial light modulator 
were used in the detection light path (or if appropriate mirrors or other devices were to 
direct the detection light path back to a single digital micromirror device). Figure 5 depicts 
a schematic view of a microscope that is similar to the microscope set forth in Figure 3, 
except that the spatial light modulator is disposed solely in the illumination light path and 

30 not in the detection light path . 

Preferably, the pattem(s) in the spatial light modulator(s) is effected via 
operably connecting the spatial light modulator to a controller, preferably a PC computer, 
that individually controls each of the individual light transmission pixels in the array. 
Further preferably, the controller will control a single mirror as a single pixel, but if desired 
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the controller can control a plurality of mirrors as a single pixel, for example, each individual 
Ught transmission pixel could be a grouping of immediately adjacent mirrors, such as set 
forth in Figures 7A and 7B. In particular, Figure 7 schematically depicts two different 
embodiments for illumination comprising the use of adjacent mirrors as a single pixel. In 
Figure 7a, a plurality of individual micromirrors of the spatial Ught modulator are turned on 
as a group. Figure 7B depicts a similar illumination spot except that different micromirrors 
(or microshutters or other selected pixel components) have different on/off status and thus 
provide a Gaussian illumination profile; other illumination profiles are also possible. In one 
preferred embodiment, for this and other features of the present invention that relate to the 
active turning on and off of individual Ught pixels of the spatial Ught modulator, the cycle 
time of the given event is less than the time that is needed for the human eye to detect the 
change, typically less than about 0.3 seconds. 

Microscopes such as those depicted in Figures 3 and 5 that comprise a 
spatial light modulator in a conjugate image plane of the sample that is upstream of the 
15 samplecanalsoprovideavariablefieldiris. As used herein, a variable field iris indicates an 
iris in which the illumination spot is greater than a size suitable for use for confocal 
microscopy. The field iris can be varied by changing a pattern in the array of the spatial 
Ught modulator that corresponds to different field iris settings. In addition, and particularly 
where the microscope comprises a Ught detector comprising a detection array of individual 
20 detection pixels, the microscope can selectively and controUably vary the on/off status of 
individual Ught transmission pixels of the spatial Ught modulator to vary the Ught intensity 
impinging on selected spots of the sample. Thus, not only can a 100% on or 100% off 
status be attained for the variable field iris, the Ught intensity of individual pixels can be 
reduced or increased as desired, similar to the pixel variance depicted in Figures 2C and 7B. 



25 



In one embodiment for varying the intensity of the light impinging on the 
selected spots that provides a uniform intensity of Ught across a sample, the light from Ught 
source 4 that contacts "off' pixels in the array of the spatial Ught modulator such as digital 
micromirrord^ 

30 located, for example, at the site of beam stop 37 in Figure 3. It is preferred that the Ught 
detector receive light directly from the spatial light modulator, which means that the Ught 
does not go through, or reflect off of, the sample. Although lesser preferred, the Ught may 
go through intervening lenses, filters, etc. between the spatial Ught modulator and the Ught 
detector. Because beam stop 37 is preferably located at the image plane of the sample, and 
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receives light directly Horn the spatial light modulator, the spatial light modulator can have 
aU pixels turned "off" and thus all of thelight fromthe light source will be transmitted to the 
detector located at beam stop 37. The detector can then differentiate different levels of 
toen^withmmeugttema^ungfromto 
5 intensities via rapid alternating b«wee» on and off status to provide a uniform hgh. to 
^pleaO^lightdetecK-rdisposedatb^^^ 

imageplaneof the sample, if desire* Such rapid alternation can be effected by a conuoUer 
tat selectively varies the on/offstatus of individual light transmission pixels of the spatral 
light modulator to compensate for non-unifbrm light intensities detected corresponding 

10 pixels by the light detector. 

Similarly the microscope can vary the intensity of light emanating from the 
sample to the light detector by varying the intensity of light transmitted to the sample 
because there is typically a direct relationship (further typically an about 1:1 relauonship) 

betweenthemtensityof^^ 
15 sample Such a microscope can be particularly useful where the light intensity impmgmg 
on a particular pixel of the light detector is greater than or equal to a threshold level ft* 
indicates that the light intensity is significantly adversely affecting adjacent pixeh (for 
example, through spill over of the light or inability of the light detector, such as a human 
eye to adjust for such over-intensity). Once the detector, and typically the controller 
20 operably connected to the detector, determines that the light impinging upon a part^u ar 
pixel ofthelight detector has surpassed the threshold level then the detector and controller 
vary the on/offstatus of the corresponding pixels in the illumination array to reduce the 
intensity oflight that is being transmitted to the pixel ofthe sample that correspond, to the 
over-bright pixel of the detection array until the intensity oflight reaching the pixel of the 
25 detection array is reduced below the threshold level. 

In a related embodiment, the light detector and controller can determine the 
light intensity characteristics ofasampleby detecting the intensity ofthelight impinging on 
thedetectors.menmodif^^ 

array until a uniform intensity of light is transmitted to the pixels of the detector array, and 
then determining the light intensity characteristics of the sample by determining the amount 
of time that individual pixels in the illumination light array in the spatial light modulator are 

In a further embodiment, the microscope can further'function as a confocal 
microscope, as discussed above, and the illumination array of individual light transmission 



30 

on or off. 
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pixelsin the spatial light modulator that is disposed upstreamfrom the sample in a conjugate 
image plane of the sample to provide at least one Rumination spot that is sized for confocal 
microscopy by causing at least one individual light transmission pixel of the spatial Ught 
modulator to be on while adjacent pixels are off. The detection array then selectively 
detects the illumination spot. In a preferred embodiment, the spatial Ught modulator 
simultaneously forms a plurality of illumination spots and then provides sequential 
complementary patterns of the spots, as depicted in Figure 4. In particular, as shown in the 
figure on mirrors 52 are depicted as black squares in an array, while off murors 54 are 
depicted as white squares in the array. By sequentially providing a series of complementary 
patterns wherein in essence the same pattern is repeated but moved one pixel to the nght 
over the course of time, it is possible to provide a confocal image of the entire sample in 
about 18 on/off cycles. Such confocal- microscopy can be detected using a prxelated 
detector such as a CCD or CID, or, if the cycle time is rapid enough that a smgle pixel 
Uluminated then re-muminated faster than the image acquisition time period on a video 
camera or for the human eye (or other detector's image acquisition time period), then real 

time confocal microscopy can be observed. 

Figure 6 schematically depicts an embodiment wherein the central detection 
pixel 56 is more heavily illuminated than adjacent or surrounding pixels 58, but due to the 
characteristicsofmes^^ 

central pixel 56 was directly aligned with the on illumination pixel in the illumination array 
of the spatial light modulator. Thus, in an embodiment that is particularly useful for 
confocal microscopy but an be used in other embodiments too, the microscope comprises 
acontroUerthat contains computer implemented prograniming that causes the Ught detector 
to detect light impinging on a central detection pixel that is aligned with an individual light 
transmission pixel of the spatial Ught modulator in the illumination Ught path that ,s on and 
also to detect Ught impinging on at least one pixel adjacent to the central detection pixel, 
and preferably aU adjacent pixels, the controller also contains computer-implemented 
programming that compiles the data provided by the adjacent detection pixel(s) and 
combines it with the data provided by the central detection pixel to enhance the information 
) provided to and by the microscope. For example, such combining of the data can enhance 
the rejection of the out-of-focus information of the microscope when such rejection k 
compared to the focus that is attained without the data from the adjacent detectors). 
Alternatively, the information from the adjacent pixels can provide data about the bght 
scattering and/or absorption or other characteristics of the sample. Alternatively, if deseed, 
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the detector can be set such that the detector and/or controller does not detect information 
from the central detector pixel that directly corresponds to the on Ulumination pixel but 
rather only collects information from the adjacent pixel(s). 

In yet another embodiment, a spatial light modulator can be disposed in a 
5 conjugate image plane of the sample that is upstream of the sample, and the on/off status 
of the individual light transmission pixels of the ulumination array can be set to project a 
selected image into the image plane (and therefore the conjugate image planes of the sample 
of the microscope. Preferably, the spatial light modulator is operably connected to at least 
one controller that sets and/or varies the on/off status of the individual light transmission 
10 pixels to correspond to an image that is separately being transmitted to the controller, or 

that is preset and contained within the memory of the controller. 

The selected imagecan be projected directly onto the sample, orthe selected 

image can be projected adjacent to the sample. For example, where the microscope is being 
used to determine whether a given sample matches a desired, pre-determined state, then an 

15 image representing such predetermined state can be projected either onto the sample or 
adjacent to the sample; directly projecting the image onto the sample can provide a stencil 
effect that, for very precisely predetermined shapes, can make is relatively easy to determine 
whether the shape in the sample does or does not match the predetermined shape. 
Microscopes that project such a selected image can either comprise a single spatial light 

20 modulator for projecting the selected image while the sample is illuminated without use of 
a spatial light modulator, or two spatial light modulators where one is for the selected image 
and one is for the transmission of light directly to the sample, or a single spatial light 
modulator with different portions of the spatial light modulator dedicated to the different 
functions described herein (e.g., one portion for sample illumination and one portion for 

25 selected image projector). 

Figure 8 depicts one example of a microscope suitable for confocal 
microscopy. The microscope is similar to microscopes depicted in Figures 3 and 5 (which 
microscopes could also be used for confocal microscopy), except that the microscope in 
Figure 8 comprises a first digital micromirror device in a conjugate image plane of the 

30 sample that is upstream from the sample and a second, separate digital micromirror device 
34b that is located in a conjugate image plane of the sample that is disposed downstream, 
from the sample. Thus, in Figure 8, light is emitted by light source 4 through projection lens 
30a to reflect off simple mirror 32a and then spatial light modulator 34a. Light that is 
transmitted along the illumination light path by the spatial light modulator 34a is then 
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reflected off dichroic mirror 38, through objective lenses 22 onto sample 20, where the light 
is reflected back through objective lenses 22, then through dichroic mirror 38 and onto 
downstream spatial Ught modulator 34b. Light that is passed by spatial light modulator 34b 

continues along the detection path to simple mirror 32b, then through projection lens 30b 
t0 light detector 26. One advantage of the microscope depicted in Figure 8 is that, because 
there are two separate spatial light modulators, the two spatial Ught modulators need not 
have identical on/off status for the Ught transmission pixels therein. The embodiment in 
Figure 8 is also preferred where the detector is an ocular eyepiece, photomultipUer tube 
(BMI) video camera, or other non-pixelated device. In addition, the detection aperture m 
the downstream spatial Ught modulator in the detection light path can be dynamically varied 
in the same manner as described earUer for spatial Ught modulators disposed m the 

illumination Ught path. 

Turning to Figure 9, the figure depicts a microscope wherem a first spatial 
light modulator is disposed in the conjugate image plane of the aperture diaphragm of the 
objective lens and upstream of the sample, and a second spatial Ught modulator is disposed 
downstream of the sample, also in the conjugate image plane of the aperture diaphragm of 
the objective lens. Briefly, Ught source 4 emits Ught through Ught source lens 12 along 
illumination path 3, through projection lens 30a and onto digital micromirror device 34a. 
Digital micromirrordevice34athen selectively transmits a desired portion ofthe Ught along 
, the iUumination Ught path to reflect off simple mirror 32a, pass through condenser lenses 
16 andthenthroughsam P le20. Ught emanating from sample 20 passes through objective 
lenses 22 reflects off simple mirror 32b and is transmitted onto digital micromirror device 
34b Digital micromirror 34b then transmits a selected portion of the light along detection 
Ught path 5 through projection lens 30b and onto Ught detector 26. The provision of a 
5 spatialUghtmodulatorupstre^^ 

diaphragm of the objective lens provides the abUity to control the angle of Ulumination of 
a sample and therefore, concomitantly, the angle of detection of light emanating from the 
sample In addition, such a microscope can selectively control the quantity of Ughtreaching 
a sample which quantity (as with the spatial light modulator disposed in the conjugate 
,0 image plane of the sample) will be less than the amount of Ught merely as an art»fact due to 
transmitting through lenses, filters, etc. In some embodiments, the quantity of Ught cap 
reduced anywhere from 1% to 99%. This reduction in the quantity of light can be achieved 
by selecting the desired quantity of iUumination and then turning a corresponding selected 
portion of the individual Ught transmission pixels on or off. Such selected portion ,s at least 
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substantially less than all the Ulumination light, enough to achieve a measurable diminution 
of illumination relative to the total illumination light. 

Microscopes having a spatial light modulator at a conjugate image plane at 
the aperture diaphragm of the objective lens, such as that depicted in Figure 9, can provide 
5 for darkfield microscopy, brightfield microscopy, and alternations between the two, as weU 
as alternations between varieties of darkfield microscopy as difFerent areas of the spatial 

light modulator are turned on and off 

This can be done by selecting a desired pattern for the darkfield microscopy 
in the individual light transmission pixels of the upstream spatial light modulator. Such 
10 desired pattern comprises a selected portion of the individual light transmission pixels, 
which portion is substantially less than all of such pixels; H will be reduced enough so that 
a measurable darkfield effect is achieved relative to brightfield (brightfield being wide area 
ulumination and detection of that same area). In some embodiments, the microscope 
provides a primarily, or even a solely, darkfield effect. A complementary pattern will then 
15 be placed in the detection light path, preferably via use of a second digital micromirror 
devicethat comprisesthe complementary pattern in its pixelated array. The complementary 
pattern is the complement to the desired pattern set in the spatial light modulator m the 
ulumination light path. For example, if the desired pattern is a plurality of concentric circles, 
then the complementary pattern would be a corresponding pattern of concentric circles, 
20 exceptthatthecomplemen^ 

are light transmissive in the desired pattern. 

Additionally, the change in angle of ulumination made possible by such 
microscopes permit the determination of 3-D images of the sample. For example, the 
sample can be Uluminated from a plurality of different angles, and then the changes m 
25 mtensityinmeUghtimpingmgonmdividualpixelsinthedetect^ 

then combined, compiled and/or reconstructed by a controller to provide a 3-D image of the 
sample. In addition, or alternatively, the angles of light can be modulated to select a 
plurality of different angles of Ulumination that probe the sample at different depths. The 
information obtained from the different depths can then be obtained and tomographically 
30 reconstructed, typically by the controller, to provide a 3-D image of the sample, one layer 
at a time. It is a significant advantage of the present invention that such 3-D imaging can, 
be effected without moving the sample, a condensor lens or an objective lens, or any other 
part of the microscope other than the spatial light modulator. 
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This is similar to the ability of microscopes having a spatial Ught modulator 
at the conjugate image plane of the objective lens aperture diaphragm to perform a variety 
ofdarkfield examinations, as well as alternation between darkfield and brightfield, without 
moving the sample, condensor lenses, objective lenses or other parts of the microscope 
5 omerthantheUghttrar^^ Thus, such alterations 

can be performed without refocusing. Another advantage of the rapid alternation between 
darkfield and brightfield microscopy particularly with microscopes having a spatial light 
modulatorattheconjugateirr^^ 

that light that is scattered and/or refracted by the sample, which is usually not correctly 
10 accounted for during the quantitative measurement process in quantitative bnghtfield 
microscopy, can be measured at each location in the sample. This allows for a more 
accurate quantitation of the amount of light lost by absorption. This can be particularly 
important when attempting to quantitate the total amount of light that is absorbed over 
given areas of the sample and will provide a more precise spatial absorption representation 

15 of the sample. ... 

Typically when creating 3 -D images as described herein, the signal-to-noise 

ratio of the images required for different illumination angles is high enough that the 
reconstruction does not become unstable and converge. Depending on the thickness of the 
3-Dsamplebemganalyze^^^ 
20 If the sample is too thick with respect to the approximate in-focus depth of the objective 
being used, then the out-of-focus information can overwhelm the in-focus information, 
making reconstruction difficult, or even impossible. 

Figure 10 schematically depicts one embodiment of a microscope that 
resolves this problem. Briefly, Figure 10 comprises four spatial Ught modulators, two in the 
25 mun^nationUghtpathandtwomthedetectionlightpath,oneineachUght P ath 

the conjugateimage plane ofthe sample and one in each Ught path located in the conjugate 
imageplaneoftheaperturediaphragmoftheobjectivelens.Accordmglv^ 
source 4 emits Ught to simple mirror 32a, which reflects Ught to a first spatial Ught 
modulator 34a, which is located in an upstream conjugate image plane ofthe aperture 
30 diaphragm ofthe objective lens. Spatial Ught modulator 34a transmits a desired portion of 
Ught along illumination Ught path 3 to projection lens 30a, after which it is reflected of 
simple mirror 32b and transmitted to a second spatial light modulator 34b, which spatial 
Ught modulator is located in an upstream conjugate image plane ofthe sample. The second 
spatial light modulator 34b then transmits desired light through condensor lenses 16 to 
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sample 20, where the light is transmitted through the sample, through objective lenses 22 
and onto a third spatial light modulator 34c, which is located in a downstream conjugate 
image plane of the sample. Light that is desired to be transmitted to the light detector 26 
is then transmitted by the third spatial light modulator 34c to simple mirror 32c where it is 
5 reflected through projection lens 30b and onto a fourth spatial light modulator 34d, which 
modulator is located in a downstream conjugate image plane of the aperture diaphragm of 
the objective lens. Hie fourth spatial light modulator then transmits desired light to simple 
mirror 32d which reflects the light to light detector 26. 

Because of the combination of spatial light modulators in both the conjugate 
10 image plane of the sample and the conjugate image plane of the aperture diaphragm of the 
objective lens, it is possible to selectively combine all of the features discussed above for 
spatial light modulators located in one or another of the planes. For example, combining 
confocal microscopy with Mumination at a variety of angles provides for 3-D confocal 
transmission and reflectance microscopy. Further, because of the rapid switching time that 
15 is possible using the spatial light modulators, it is possible to see such 3-D confocal image 
in real time. Additionally, due to the ability to calculate, and account for, out-of-focus 
information as discussed above, such information can be limited and controlled, thereby 
simplifying the reconstruction task in the making of the 3-D image. 

The addition of appropriate filters will also allow for the process to be used 
for controlled confocal fluorescence imaging (indeed, all embodiments of the present 
invention can be used for fluorescence microscopy). Another advantage of combining 
spatial light modulators in both planes is that it is possible to correct for some spherical 
aberrational effects by acquiring images of the sample using selected illumination and 
detection orientations from selected z positions of the sample, as illustrated in Figure 11. 
In Figure 1 1, the upper portion of the figure depicts the taking of three images of a sample 
at three different depths, followed, in the middle portion of the figure, by selecting the light 
rays of each portion that converge at a particular desired depth (equivalent to the second 
sample depth in the upper portion of the figure), which is then followed by the combining 
of the desired angles of Ulumination at all three sample depths as schematically represented 

30 in the lower portion of Figure 1 1 . 

Another advantage ofthepresent invention is that it permits easUy performed, 
time-delayed fluorescence microscopy. This can be accomplished by turning on desired 
illumination pixels in the spatial light modulators in the illumination light path and then 
turning off corresponding pixels in the spatial light modulators (or detector) in the detection 
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light path. After enough time has passed to induce fluorescence in the sample, which 
fluorescence can be autofluorescence or fluorescence due to materials, such as dyes, added 
to the sample, the spatial light modulators in the ffluniination light path are turned off and 
a short time later the detection pixels of the detector, or the light transmission pixels of 
5 spatial light modulators disposed in the detection light path, are turned on. One example 
of the timing for such a situation is depicted in Figure 12. Briefly, the illumination spatial 
light modulator 34b is turned on for a short, defined time, t*ti, and then a short time later 
the detection spatial light modulator is turned on for a defined time, t 2 - 1 3 , after which time 
is the iUumination spatial light modulator 34b is again turned on. Such microscopy can be 
10 performed both in confocal and wide field modes. 

Figure 13 schematically depicts an arrangement oflenses, mirrors and spatial 
light modulators similar to the microscope set forth in Figure 10, except that the microscope 
in Figure 13 is suitable for reflectance microscopy instead of transmission microscopy. In 
Figure 13, light source 4 emits light through a beam splitter 60 to a digital micromirror 
1 5 device 34a. The beam splitter 60 can be a dichroic mirror or other type of beam splitter, 
beam splitters other than dichroic mirrors can also be used with other embodiments of the 
present invention. Desired light is then reflected along the iUumination light path 3 through 
projection lens 30 to reflect off simple mirror 32 onto a second digital micromirror device 
34b Desired light is then transmitted by digital micromirror device 34b through objective 
lenses 22 and onto sample 20, where the light is reflected back through objective lenses 22, 
off digital micromirror device 34b and simple mirror 32, through projection lens 30 and off 
first digital micromirror device 34a. Desired light is then transmitted back along the light 
path until it contacts dichroic mirror 3 8, where it is reflected to light detector 26. Thus, the 
microscope depicted in Figure 13 provides for Ulumination of a single spot or pattern of 
25 spots as previously described, and for each spot or pattern of spots a variety of mumination 
angles can be sequentially implemented, and for each angle an image or measurement is 
collected. Thus, all areas ofthe plane ofthe sample surface can be collected. Onecanthen 
change the position ofthe sample along the optical axis ofthe microscope and repeat the 
process for the new level of the sample. Thus, information from the entire surface of 
30 mterestcanbecoUectedandtomograprdcallyreconstmrtedto 

of the surface of the sample. The microscopes herein are this is advantageous over 
conventional reflectance microscopy because the surface orientation of every location ofthe 
sample can be determined in a relatively straightforward fashion. 
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Figure 14 schematically depicts another embodiment of a microscope that 
is similar to the microscopes in Figures 10 and 13 and comprises four spatial light 
modulators, two in the illumination light path and two in the detection light path, one m 
eachhghtpathlo^tedintheconjugateimageplaneofthe sample and one in each hght path 
located in the conjugate image plane of the aperture diaphragm of the objective lens. The 
microscope in Figure 10 is used for reflectance microscopy and comprises a beam sputter 
60 disposed between the digital mirror devices 34b, 34c and the objective lenses 22. 
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What is claimed is: 

1. A microscope comprising a spatial Ught modulator comprising an 
5 mun^ationarrayofindividualUghttransmiss^ 

in an illumination light path of the microscope at a conjugate image plane of an aperture 
diaphragm of an objective lens to provide an upstream spatial light modulator. 

2. The microscope of claim 1 wherein the microscope selectively 
10 controlstheangleofmurnmationofasampleandmeangleofde^^^ 

from the sample, wherein the upstream spatial Ught modulator is operably connected to a 
modulator controUer containing computer-implemented programming that controls 
transmissive characteristics of the spatial Ught modulator to select a desired angle of 
Ulumination and detection of the sample and wherein a selected portion of the individual 
15 Ughttransmissionpixels^^^ 



on. 



3. The microscope of claim 1 wherein the microscope selectively 
controls a quantity of light reaching a sample, the quantity being less than all the Ught 
20 emitted by a light source located at a beginning of the Ulumination Ught path, wherein the 
upstream spatial Ught modulator is operably connected to a modulator controUer containin 5 

computer-imp^^ 

Ught modulator to select a desired quantity of Ulumination and a selected portion of the 
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individual light transmission pixels corresponding to the desired quantity of illumination is 
on. 

4. The microscope of any one of claims 1 to 3 wherein the microscope 
5 is a transmission microscope. 

5. The microscope of any one of claims 1 to 3 wherein the microscope 
is a reflectance microscope. 

1Q 6 . The microscope of any one of claims 1-5 wherein the microscope 

further comprises a lens disposed in the illumination light path between a light source and 
the spatial light modulator, the light source disposed at a conjugate image plane of an 
aperture diaphragm of the objective lensthat is located upstream from the upstre^n spatial 
light modulator. 

15 

7. The microscope of any one of claims 2 to 6 wherein the microscope 
further comprises a second spatial light modulator that is disposed in a detection light path, 
,ocated at a downstream conjugate image plane of an aperture diaphragm of the objective 
lens and operably connected to a second modulator controller containing computer- 
20 implemented programming that controls transmissive characteristics of the second spati* 
light modulator. 
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8. The microscope of claim 7 wherein the first modulator controller is 
operablyconnectedto thesecond modulator controller such that the second Ught modulator 
selectively controls the light in the detection light path to correspond to the desired angle 
selected by the first modulator controller. 

5 

9. Thenucroscopeofdaimlwhereinmeinicroscopeprovidesdarkfield 
microscopy, wherein the upstream spatial light modulator is operably connected to a first 
modulator controller containing computer-implemented programrning that controls 
transmissive characteristics of the spatial light modulator to select a desired pattern for 
10 darkfield microscopy and a selected portion of the individual light transmission pixels 
corresponding to the desired pattern for darkfield microscopy is on, and a second spatial 
light modulator is disposed in a detection Ught path, located at a downstream conjugate 
image plane of an aperture diaphragm of the objective lens and operably connected to a 
secondmodulator controller contairJng computer-implemented prograrr^^ 
15 transn^ssivecr^cteristicsofthesecondspatialUghtm 

pattern of the individual light transmission pixels of the second spatial Ught modulator to 
complement the pattern of individual light transmission pixels of the first spatial Ught 
modulator that are on, thereby providing a complementary pattern of the individual Ught 
transmission pixels of the second spatial Ught modulator that are on. 

20 

10. The microscope of claim 9 wherein the microscope alternates 
between darkfield microscopy and brightfield microscopy, wherein the first modulator 
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controller and the second modulator controller control the transmissive characteristics of 
the first and second spatial light modulators to switch between brightfield microscopy and 
at least one desired pattern for darkfield microscopy. 

5 1 1 The microscope of claim 10 wherein the microscope alternates back 

and forth between darkfield microscopy and brightfield microscopy with a cycle time ofless 
than about .03 seconds. 

12. The microscope of claim 10 or 1 1 wherein the microscope alternates 
10 backandforthbetweendar^ 

13. The microscope of any one of claims 7 to 12 wherein the first 
modulator controller and the second modulator controller are the same modulator 
controller. 

15 

14. The microscope of any one of claims 1-13 wherein the microscope 
further comprises a light detector located at a downstream end of a detection light path, the 
light detector comprising a detection array of individual detection pixels. 

20 15 ThermCToscopeofclaimHwhereinthedetectionarrayofindividual 1 ' 

detection pixels corresponds to and is aligned with the ulumination array of individual light 
transmission pixels in the upstream spatial light modulator. 
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16. The microscope of claim 14 or 15 wherein the detection array of 

individuddetecoonp^^ 

arrayofindividudBgto^^ 
5 modulator controller, such that the modulator controller contains computer-implemented 

programming that selects a plurality of desired angles of mumination of the sample and the 

detector controller contains computer-implemented programming that detects the changes 

mhtensitymthedete^ 

ofdesiredanglesofm^^ 
1 0 image of the sample. 

17. The microscope of claim 14 or 15 wherein the detection array of 
individualdete^^ 

array of individual light transmission pixels in the spatial light modulator is connected to 

15 modulatorcontroue^ 

of illumination of the sample to provide a plurality of images of the sample at a 
correspondmgplurahtyofdifferentdepthswitluntte 

comprises computer-implemented programming that tomographically reconstructs the 
different images to provide a three dimensional image of the sample. 

20 

18. Themicrosropeofclaiml7whereinthemodulatorcontroUerselects 
the plurality of desired angles of iUumination of the sample such that the plurality of images 



WO 99/22262 PCT/CA98/00993 

39 

of the sample at a corresponding plurality of different depths are obtained without moving 
the sample, a condensor lens or an objective lens. 

19. T heinicroscopeofanyoneofclaimsl6tol8whereinthemodulator 
5 controller and the detector controller are the same controller. 

20. The microscope of any one of claims 14 to 19 wherein the light 
detector is a charge-coupled device. 

1Q 21. The microscope of claim 14 to 19 wherein the light detector is a 

charge-injection device. 

22. The microscope of claim 14 to 19 wherein the light detector is a 

video camera. 

15 

23. The microscope of any one of claims 1 to 22 wherein the microscope 
further comprises a photomultiplier tube located at a downstream end of the detection light 

path. 

20 24. The microscope of any one of claims 1 to 23 wherein the microscopB 

further comprises an ocular eyepiece located at a downstream end of the detection light 
path. 
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25. The microscope ofany one of claims 1 to 24 wherein the spatial Ught 
modulator is a digital micrornirror device. 

5 26. The microscope ofany one of claims 1 to 24 wherein the spatial Ught 

modulator is a microshutter. 

27. The microscope ofany one of claims 1 to 24 wherein the spatial Ught 
modulator is a Uquid crystal device. 

28. A microscope comprising a variable field iris, the microscope 
comprising a spatial Ught modulator comprising an Ulumination array of individual light 



transmission ] 



i pixels and disposed in an Ulumination Ught path at a conjugate image plane of 
a sample, to provide an upstream spatial Ught modulator, and that is operably connected to 
15 a modulator controUer containing computer-implemented programming that controls 
, characteristics of the upstream spatial Ught modulator to select a pluraUty of 



transmissive < 
desired field iris settings. 



29. Themicroscopeofclaim28 wherein the individual Ught transmission 
20 pixels of the iUumination array are in the on/off status corresponding to the desired field iris 
setting. 
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30. A microscope that projects a selected image into an image plane of 
asampleofthe microscope, the mto^ 

an illumination array of individual light transmission pixels and disposed in a first 
illumination light path at a conjugate image plane of the sample, to provide a first upstream 
5 spatial light modulator, wherein the upstream spatial light modulator is operably connected 
to at least one controller containing computer-implemented programming that varies an 
on/off status of the individual light transmission pixels of the illumination array to 
correspond to the selected image, the microscope further comprising a second illumination 
light path that provides Rumination light to the sample. 

10 

31. The microscope of claim 30 wherein the individual light transmission 
pixels of the illumination array are in the on/off status corresponding to the desired image. 

32. The microscope of claim 30 or 3 1 wherein the selected image is 
15 projected onto the sample. 

33. The microscope of claim 30 or 31 wherein the selected image is 
projected adjacent to the sample. 

20 34. ThemicroscopeofanyoneofclaimsSOtoSSwhereintheupstream^ 

spatial light modulator is disposed in both the first Ulumination light path and the second 
illumination light path and a first portion of the individual light transmission pixels of the 
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illumination array provides illumination light to the sample and second portion of the 
dividual Ught transmission pixels of the illumination array are in an on/off status 
corresponding to the selected image. 

5 35. The microscope of any one of claims 28 to 34 wherein the 

microscope forther comprises a light detector comprising a detection array of individual 
detection pixels and disposed downstream from the sample in a detection Ught path at a 
conjugate image plane of the sample, wherein the spatial Ught modulator and the light 
detectorareoperablycor^^ 

10 programming that controls transmissive characteristics of the upstream spatial Ught 
modulatorandmatcompilestheUghtintensitydetecuondatap 

wherein the controller selectively varies the on/off status of individual Ught transmission 
pixels of the spatial Ught modulator to vary the Ught intensity impinging on selected spots 
of the sample and thereby vary the intensity of Ught emanating from the selected spots of 
15 the sample and impinging on at least one pixel of the Ught detector. 

36. A microscope that provides a uniform intensity of Ulumination Ught 
to a sample, the microscope comprising a spatial Ught modulator comprismganfflurnination 
array of individual Ught transmission pixels and disposed in an iUumination Ught path at a 
20 conjugate image plane of the sample, to provide an upstream spatial Ught modulator, and 
a light detector comprising a detection array of individual detection pixels and disposed 
downstream from the upstream spatial Ught modulator at a conjugate image plane of the 
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sample and that receives Ught directly from the upstream spatial light modulator, wherein 
the spatial light modulator and the Ught detector are operably connected to at least one 
controller containing computer-implemented programming that controls transmissive 
characteristics of the upstream spatial Ught modulator and that compiles the Ught intensity 
5 detection data provided by the Ught detector, wherein the at least one controUer selectively 
varies the on/off status of individual Ught transmission pixels of the spatial Ught modulator 
to compensate for non-uniform light intensities detected by the Ught detector, thereby 
providing a uniform intensity of Rumination light that is transmitted to the sample. 

1Q 37 . a. microscope that varies the intensity of Ught emanating from a 

sample to a Ught detector, the microscope comprising a spatial Ught modulator comprising 
an Rumination array of individual Ught transmission pixels and disposed in an Ulumination 
Ught path at a conjugate image plane of the sample, to provide an upstream spatial Ught 
modulator.andtheUght detector which comprises a detection array of individual detection 
15 pixelsandisdisposeddownstreamfrommesampleinadetectionlightpam 

image plane of the sample, wherein the spatial Ught modulator and the Ught detector are 
operably connected to at least one controUer containing computer-implemented 
programming that controls transmissive characteristics of the upstream spatial Ught 
modulator and mat compiles me Ught mtensity detection data prodded by th 
20 wherein the controller selectively varies the on/off stams of individual Ught transmission 
pixels of the spatial light modulator to vary the Ught intensity impinging on selected spots 
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of the sample and thereby vary the intensity of Ught emanating from the selected spots of 
the sample and impinging on at least one pixel of the Ught detector. 

38. The microscope of claim 37 wherein the controUer selectively varies 
5 the on/off status of individual Ught transmission pixels of the spatial Ught modulator such 
that when the Ught intensity impinging on a pixel of the Ught detector is greater than or 
equal to a threshold level that indicates that the Ught intensity significantly adversely affects 
adjacent pixels then at least one corresponding pixel in the upstream spatial light modulator 
is turned off for a time sufficient to reduce the Ught intensity impinging on the pixel of the 
10 Ught detector below the threshold level. 

39. The microscope of claim 37 wherein the controller selectively varies 
the on/off status of individual Ught transmission pixels of the spatial light modulator such 
the light intensity impinging on the detection array of pixels of the Ught detector is uniform 
15 across the detection array, and the controller determines the Ught intensity characteristics 
of the sample by determining an amount of time individual pixels in the illumination array 
of the upstream spatial Ught modulator are on or off. 

40. The microscope of any one of claims 35 to 39 wherein the 
20 microscope further comprises a second spatial light modulator that is disposed in the 
detection Ught path, located at a downstream conjugate image plane of a sample and 
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operably connected to a second modulator controller containing computer-implemented 
programming that controls transmissive character 

41. The microscope of any one of claims 35 to 40 wherein the 
5 microscope is a confocal microscope, wherein the detection array of individual detection 
pixels corresponds to and is aligned with the illumination array of individual light 
transmission pixels in the upstream spatial light modulator and the at least one controller 
contains computer-implemented programming that controls transmissive characteristics of 
the upstream spatial light modulator to provide at least one Ulumination spot to the sample 
10 by causing at least one individual light transmission pixel of the upstream spatial light 
modulator to be on while adjacent pixels are off and the detection array selectively detects 
the illumination spot. 

42. Themicroscopeofclaim41 wherein the at least one controller causes 
15 the upstream spatial light modulator to simultaneously form a plurality of the illumination 

spots and to provide sequential complementary patterns of the spots. 

43. The microscope of claim 41 or 42 wherein the at least one controller 
causes the light detector to detect only light impinging on a central detection pixel aligned 

20 withandcorrespondmgtoanindividualUghttransmissionp^ 

modulator that is on. 
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44. The microscope of claim 4 1 or 42 wherein the at least one controller 
; the light detector to detect light impinging on a central detection pixel aligned with 
individual light transmission pixel of the upstream spatial light modulator that is on and 
to detect light impinging on at least one detection pixel adjacent to the central detection 
5 pixel, and the controller contains computer-implemented programming that compiles the 
data provided by the at least one adjacent detection pixel and combines it with the data 
provided by the central detection pixel. 

45. The microscope of claim 44 wherein the computer-implemented 
10 programming compiles the data provided by the adjacent detection pixels and combines it 
with the data provided by the central detection pixel such that the rejection of the out of 
focus information of the microscope is enhanced compared to the focus without the data 
from the adjacent detection pixels. 

15 46 the microscope of claim 44 wherein the computer-implemented 

programming compiles the data provided by the adjacent detection pixels and combines it 
with the data provided by the central detection pixel to determine the light absorption 
characteristics of the sample. 



47. The microscope of any one of claims 35 to 46 wherein 
microscope is a transmission microscope. 
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48. The microscope of any one of claims 35 to 46 wherein the 
microscope is a reflectance microscope. 

49. The microscope of claim 42 wherein the computer-implemented 
5 programming provides the plurality of the sequential complementary patterns of the 

illumination spots such that all areas of the sample in the illumination light path are 
iUuminated in less than about .03 seconds. 

50. The microscope of any one of claims 35 to 49 wherein the at least 
10 one controller is a single controller. 

51. The microscope of any one of claims 35 to 50 wherein the light 
detector is a charge-coupled device. 

15 52. The microscope of any one of claims 35 to 50 wherein the light 

detector is a charge-injection device. 

53. The microscope of any one of claims 35 to 50 wherein the light 
detector is a video camera. 



20 
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54. The microscope of any one of claims 35 to 53 wherein the 
microscope further comprises a photomultiplier tube located at a downstream end of the 
detection light path. 

5 55. The microscope of any one of claims 35 to 54 wherein the 

microscope further comprises an ocular eyepiece located at a downstream end of the 
detection light path. 

56. The microscope of any one of claims 35 to 54 wherein the spatial 
10 light modulator is a digital micromirror device. 

57. The microscope of any one of claims 35 to 54 wherein the spatial 
light modulator is a microshutter. 

15 58 . The microscope of any one of claims 35 to 54 wherein the spatial 

light modulator is a liquid crystal device. 

59. A microscope comprising a first spatial light modulator comprising 
a first illumination array of individual light transmission pixels, the first spatial light 
20 modulator disposed in an iUumination light path at a conjugate image plane of an aperture 
diaphragm of an objective lens to provide a first upstream spatial light modulator and a 
second spatial light modulator comprising a second illumination array of individual light 
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transmission pixels and disposed in the Ulumination light path at a conjugate image plane of 
a sample to provide a second upstream spatial light modulator. 

60. The microscope of claim 59 wherein the microscope further 
5 comprises a third spatial light modulator disposed in a detection light path and located at 
one of a downstream conjugate image plane of an aperture diaphragm of the objective lens 
and a downstream conjugate image plane of the sample. 

61. The microscope of claim 60 wherein the third spatial light modulator 
10 is disposed at the downstream conjugate image plane of an aperture diaphragm of the 

objective lens and a fourth spatial light modulator is disposed in the detection light path and 
located at the downstream conjugate image plane of a sample. 

62. The microscope of any one of claims 59 to 61 wherein the 
15 miCTOscopefurthercomprisesahghtdetectorlocatedatado^ 

light path, the light detector comprising a detection array of individual detection pixels. 

63 The microscope of any one of claims 59 to 62 wherein all arrays are 
aligned with one another such that the detection array of individual detection pixels 
20 corresponds to and is aligned with to the arrays of individual light transmission pixels in the 
spatial light modulators. 
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64. The microscope of any one of claims 59 to 63 wherein at least one 
of the spatial light modulators and the light detector is operably connected to at least one 
controller containing computer-implemented programming that controls the light 
transmissive or detection characteristics of the at least one of the spatial light modulators 
5 and the light detector. 

65. The microscope of claim 64 wherein all of the spatial light 
modulators and the light detector are operably connected to at least one controller 
containing computer-implemented programming that controls the light transmissive or 

10 detection characteristics of the spatial light modulators and the light detector. 

66. The microscope of claim 65 wherein the at least one controller is a 
single controller. 



15 



20 



67. The microscope of any one of claims 65 to 66 wherein the 
microscope provides confocal properties and selectively controls the angle of illumination 
of a sample and the angle of detection of light emanating from the sample, wherein the 
computer-implemented programming that controls transmissive characteristics of the first 
spatial light modulator selects a desired angle of illumination and detection of the sample 
and wherein a selected portion of the individual light transmission pixels of the first spatial 
light modulator corresponding to the desired angle of Ulumination and detection is on and 
wherein the computer-implemented programming that controls transmissive characteristics 
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of the second spatial light modulator provides at least one illumination spot to the sample 
by causing at least one individual light transmission pixel of the second spatial light 
modulator to be on while adjacent pixels are off and the detection pixels of the detection 
array are positioned to selectively detect the illumination spot. 

68. The microscope of claim 67 wherein the computer-implemented 
programming causes the second spatial light modulator to simultaneously form a plurality 
of the illumination spots and to provide sequential complementary patterns of the spots. 

69. The microscope of claim 67 to 68 wherein the computer-implemented 
programming causes the illumination array of individual light transmission pixels in the first 
spatial light modulator to provide a plurality of desired angles of illumination of the sample 
and the detection array of individual detection pixels to detect changes in intensity in the 
detection array of individual detection pixels corresponding to the plurality of desired angles 
of illumination and therefrom determining a three-dimensional image of the sample. 

70. The microscope of claim 67 to 68 wherein the computer-implemented 
programming causes the illumination array of individual light transmission pixels in the first 
spatial light modulator to provide a plurality of desired angles of illumination of the sample 
to provide a plurality of images of the sample at a corresponding plurality of different depths 
within the sample and then tomographically reconstructs the different images to provide a 
three dimensional image of the sample. 
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71. The microscope of claim 70 wherein the computer-implemented 
programming selects the plurality of desired angles of illumination of the sample such that 
the plurality of images of the sample at a corresponding plurality of different depths are 

5 obtained without moving the sample, a condensor lens or an objective lens. 

72. The microscope of claim 67 to 68 wherein the computer-implemented 
programming causes the illumination array of individual light transmission pixels in the first 
spatial light modulator to selectively control the quantity of light reaching the sample, the 

10 quantity being less than all the light emitted by a light source located at a beginning of the 
iUumination light path and a selected portion of the individual light transmission pixels 
corresponding to the desired quantity of iUumination is on. 

73 The microscope of claim 67 to 68 wherein the computer-implemented 
1 5 programming selectively provides darkfield microscopy by causing the iUumination array of 
individual light transmission pixels in the first spatial light modulator to provide a desired 
pattern for darkfield microscopy and a selected portion of the individual light transmission 
pixels corresponding to the desired pattern for darkfield microscopy is on and a 
complementary pattern of the individual light transmission pixels of the third spatial light 
20 modulator is on. 



WO 99/22262 PCT/CA98/00993 

53 

74. The microscope of claim 73 wherein the computer-implemented 
programming causes the microscope to alternate between darkfield microscopy and 
brightfield microscopy. 

5 75. The microscope of claim 74 wherein the microscope alternates back 

and forth between darkfield microscopy and brightfield microscopy with a cycle time ofless 
than about .03 seconds. 

76. The microscope of claim 74 wherein the microscope alternates back 
10 and forth between darkfield microscopy and brightfield microscopy without refocusing. 

77. The microscope of claim67 to 68 whereinthe computer-implemented 
programming causes the light detector to detect only light impinging on a central detection 
pixel aligned with and corresponding to an individual light transmission pixel of the second 

1 5 spatial light modulator that is on. 

78. ThenuCTOscopeofclaim67to68whereinthecomputer-implemented 
programming causes the light detector to detect light impinging on a central detection pixel 
aligned with an individual light transmission pixel of the second spatial light modulator that 
20 is on and to detect light impinging on at least one detection pixel adjacent to the central- 
detection pixel, and the computer-implemented programming compiles the data provided 
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by the at least one adjacent detection pixel and combines ft with the data provided by the 
central detection pixel. 

79. The microscope of claim 78 wherein the computer-implemented 
5 programming compiles the data provided by the adjacent detection pixels and combines it 
with the data provided by the central detection pixel such that the focus of the microscope 
is enhanced compared to the focus without the data from the adjacent detection pixels. 

80. The microscope of any one of claims 59 to 79 wherein the 
1 0 microscope is a transmission microscope. 

81. The microscope of any one of claims 59 to 79 wherein the 
microscope is a reflectance microscope. 

15 82 . The microscope of any one of claims 62 to 79 wherein the light 

detector is a charge-coupled device. 

83. The microscope of any one of claims 62 to 79 wherein the light 
detector is a charge-injection device. 

20 

84. The microscope of any one of claims 62 to 79 wherein the light 
detector is a video camera. 
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85. The microscope of any one of claims 59 to 84 wherein the 
microscope further comprises a photomultiplier tube located at a downstream end of the 
detection light path. 

5 

86. The microscope of any one of claims 59 to 85 wherein the 
microscope further comprises an ocular eyepiece located at a downstream end of the 
detection light path. 

1Q 87 . The microscope of any one of claims 59 to 85 wherein the spatial 

light modulator is a digital micromirTor device. 

88. The microscope of any one of claims 59 to 86 wherein the spatial 
light modulator is a microshutter. 

15 

89. The microscope of any one of claims 59 to 86 wherein the spatial 
light modulator is a liquid crystal device. 

90. The microscope of any one of claims 14 to 23 or 28 to 89 wherein 
20 the microscope provides time-delayed fluorescence detection, wherein the computed 

implemented programming causes at least one of the spatial light modulators to Uluminate 
the sample for an amount of time suitable to induce fluorescence in the sample and then 
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ceasing illuminating the sample, and then causing the detector to begin detecung 
fluorescence emanating from the sample. 

91. The microscope of claim 90 wherein the computer-implemented 
5 progranmimgcausesmun^tmganddetectmgto 

than about .03 seconds. 

92. Amicroscopecomprisingmeansforspatiallightmodulationdisposed 
in an iUumination light path at a conjugate image plane of an aperture diaphragm of an 

10 objective lens. 

93. The microscope of claim 92 wherein the means for spatial light 
modulation comprises means for selectively controlling a desired angle of illumination of a 
sample, wherein the means for spatial light modulation is operably connected to a computer 

15 mearsforcontroll^ 

the desired angle of illumination of the sample. 

94. A microscope comprising a variable field iris, the microscope 
comprising means for spatial light modulation that is disposed in an Ulumination light path 
20 at a conjugate image plane of a sample, wherein the comprising means for spatial light 
modulation is operably connected to computer means for controlling transmissive 
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characteristics M^Wn*^***^*^*****""* 

settings. 

95. The microscope of data 94 wherein the means for spatial light 
5 modulation is in an on/ofl status corresponding to one of the desired fleld iris settings. 

96. Arm CT os<»pethatproje<«asdectediniageintothein»geplaneof 
asample, the microscope comprising means for spatial light modulation that is disposed 
an nomination light pa* at a conjugate image plan, of the sample, wherein th. means for 

,0 spatial Ugh. modulation is operably connected to a. leas, one computer means for 
controlling transmissive characteristics of the nrcans for spatial Hght modulation and for 
projecting the selected image into the image plane of the sample, the microscope former 
comprising a second tarnation light path mat provides illumination light to the sample. 

15 97. The microscope of claim 96 wherein the means tor spatial light 

modulation is in an on/off status corresponding to he selected image. 

98. A microscope that provides a uniform intensity of Ulumination light 
toasample, the microscope comprising means for spatial light modulation that is disposed 
20 in an illumination light path a. a conjugate image plane of the sample, and means for- 
detecting light that is disposed downstream from the mens for spatial light modulation at 
a conjugate image plane of the sample and that receives light directly from the means fo, 
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spatial light modulation, wherein the means for spatial light modulation and the means for 
detecting light are operably connected to at least one computer means for controlling 
transmissive characteristics of the means for spatial light modulation and that compiles the 
light intensity detection data provided by the means for detecting light, wherein the 

5 computermeansselecti^ 

light modulation to compensate for non-uniform light intensities detected by the light 
detector, thereby providing a uniform intensity of murmnation light that is transmitted to the 
sample. 

1Q 99 A microscope that varies the intensity of light emanating from a 

sample to a means for detecting light, the microscope comprising means for spatial light 
modulation that is disposed in an illumination light path at a conjugate image plane of the 
sample and means for detecting light that is disposed downstream from the sample in a 
detection light path at a conjugate image plane of the sample, wherein the means for spatial 
15 light modulation and the means for detecting light are operably connected to at least one 
computer means for controlling transmissive characteristics of the means for spatial light 
modulation and that compiles the light intensity detection data provided by the means for 
detecting light, wherein the computer means selectively controls the transmissive 
characteristics of themeans for spatial light modulation to vary the Ught intensity impinging 
20 on selected spots of the sample and thereby vary the intensity of light emanating from the 
selected spots of the sample and impinging on at least one pixel of the Ught detector. 
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100. The microscope of claim 99 wherein the computer means selectively 
varies the transmissive characteristics of the means for spatial light modulation such that 
when the light intensity impinging on a pixel of the means for detecting light is greater than 
or equal to a threshold level that indicates that the light intensity significantly adversely 
5 affects adjacent pixels then the transmissive characteristics of the means for spatial light 
modulation are varied for a time sufficient to reduce the light intensity impinging on the 
pixel of the means for detecting light below the threshold level. 

101. The microscope of claim 99 wherein the computer means selectively 
10 variesthe transmissive ch^^ 

light intensity impinging on the means for detecting light is uniform across the means for 
detecting light, and the computer means determines the light intensity characteristics of the 
sample by detennining variation of the transmissive characteristics of the means for spatial 
light modulation. 

15 

102. The microscope of any one of claims 99 to 101 wherein the 
microscope further comprises a second means for spatial light modulation that is disposed 
in the detection light path at a downstream conjugate image plane of a sample and operably 
connected to a second computer means for controlling transmissive characteristics of the 
20 second means for spatial light modulation. 
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103. A microscope comprising a first means for spatial light modulation 
that is disposed in an illumination light path at a conjugate image plane of an aperture 
diaphragm of an objective lens and a second means for spatial light modulation that is 
disposed in the illumination light path at a conjugate image plane of a sample. 

5 

104. The microscope of claim 103 wherein the microscope further 
comprises a third means for spatial light modulation that is disposed in a detection light path 
andlocatedatoneofadownstream conjugate image plane of the aperture diaphragm of the 
objective lens and a downstream conjugate image plane of the sample. 

10 

105. Themicroscopeofclaiml04whereinthethirdmeansforspatialUght 
modulations disposed atthe downstream conjugate image plane of the aperture diaphragm 
of the objective lens and a fourth means for spatial light modulation is disposed in the 
detection light path and located at the downstream conjugate image plane of the sample. 

15 

106. The microscope of any one of claims 103 to 105 wherein the 
microscope further comprises means for detecting light located at a downstream end of the 
detection light path. 

20 107. The microscope of any one of claims 103 to 106 wherein all th* 

means for spatial light modulation and the means for detecting light are operably connected 
to at least one computer means for controlling the light transmissive or detection 
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characteristics of the at least one means for spatial light modulation and the means for 
detecting light. 

108. A method of modulating an illumination light path within a 
microscope wherein the illumination light path comprises a spatial light modulator 
comprising an illumination array of individual light transmission pixels at a conjugate image 
plane of an aperture diaphragm of an objective lens, the method comprising modulating the 
illumination light path by selecting light transmissive characteristics of the spatial light 
modulator. 

109. The method of claim 108 wherein the method further comprises 
transmitting light along the iUumination light path such that the light passes the spatial light 
modulator and thereby modulating the light by the spatial light modulator. 

110. The method of claim 108 or 109 wherein the method further 
comprises selectively controlling an angle of illumination of a sample and an angle of 
detection of light emanating from the sample, wherein the spatial light modulator is operably 
connected to a modulator controller containing computer-implemented programming that 
controls transmissive characteristics of the spatial light modulator, wherein the method 

3 comprises selecting the desired angle of illumination and detection by turning on a selected 
portion of the individual light transmission pixels corresponding to the desired angle of 
illumination and detection. 
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111. The method of claim 108 or 109 wherein the method farther 
comprises selectively controlling the quantity of light reaching a sample, the quantity being 
lessthanallthelightemittedbyalight source located atabegumingoftheiUuminationUght 
5 path, wherein the upstream spatial light modulator is operably connected to a modulator 
controller containing computer-implemented programming that controls transmissive 
characteristics of the spatial Ught modulator, wherein the method comprises selecting a 
desired quantity of illumination by turning on a selected portion of the individual Ught 
transmission pixels corresponding to the desired quantity of iUumination. 

10 

112. The method of claim 108 or 109 wherein the method further 
comprises darkfield microscopy, wherein the spatial Ught modulator is operably connected 
toafirstmodulatorcontroll^ 

transmissive characteristics of the spatial Ught modulator and a second spatial Ught 
1 5 modulator comprising a second array of individual Ught transmission pixels that is disposed 
mthedetectionUghtpathatadownstream conjugate image plane of an aperture diaphragm 
of the objective lens and is operably connected to a second modulator controUer containing 
computer-implement^ 

spatial Ught modulator, wherein the method further comprises: 
20 sett ing on a selected portion of the individual light transmission pixels of the 

illumination array corresponding to a desired pattern for darkfield microscopy, and 
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setting on a selected portion of the second array corresponding to a 
complementary pattern that complement the desired pattern of the ulumination array. 

113. The method of claim 1 12 wherein the method further comprises 
5 alternating between darkfield microscopy and brightfield microscopy. 

1 14. The method of claim 1 13 wherein the method further comprises 
alternating between darkfield microscopy and brightfield microscopy in a cycle time of less 
than about .03 seconds. 

10 

115. The method of claim 113 or 114 wherein the method further 
comprises alternating back and forth between darkfield microscopy and brightfield 
microscopy without refocusing. 

j 5 i is The method of claim 108 or 109 wherein the spatial light modulator 

is connected to a modulator controUer cont^ 

controls transmissive characteristics of the spatial light modulator and the microscope 
further comprises a light detector comprising a detection array of individual detection pixels 
and located at a downstream end of a detection light path, wherein the light detector is 
20 operablyconnectedtoadetertorcontroUercontainmgcomputer-implementedpr^ 

that controls detection characteristics of the detection array, and the method further 
comprises: 
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selecting a plurality of desired angles of fflumination of the sample, and 
detecting the changes in intensity in the detection array corresponding to the 

plurality of desired angles of Ulumination, and therefrom determining a three-dimensional 

image of the sample. 

5 

117. The method of claim 108 or 109 wherein the spatial light modulator 
isconnectedtoamodulator controller containing computer-implemented programming that 
controls transmissive characteristics of the spatial light modulator and the microscope 
further comprises a light detector comprising a detection array of individual detection pixels 
10 and located at a downstream end of a detection light path, wherein the light detector is 
operably connected to a detector controller containing computer-implemented progranuning 
that controls detection characteristics of the detection array, and the method further 
comprises: 

selecting a plurality of desired angles of illumination of the sample to provide 
1 5 a plurality of images of the sample at a corresponding plurality of different depths within the 
sample, and 

tomographically reconstructing the different images to provide a three 
dimensional image of the sample. 

20 us. Themethodofclaimll7whereintheselectingandthereconstmcting* 

are performed without moving the sample, a condenser lens or an objective lens. 
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119. A method for varying a field iris in a microscope wherein the 
microscope comprises a spatial light modulator comprising an Ulumination array of 
individual light transmission pixels and disposed in an illumination light path at a conjugate 
image plane of a sample, wherein the spatial light modulator is operably connected to a 
5 modulator controller containing computer-implemented programming that controls 
transmissive characteristics of the spatial light modulator, the method comprising: 

selectmgadesiredfieldirissettmgbysettmgthemdividualUghttrans^ 

pixels of the illumination array to an on/off status corresponding to the desired field iris 
setting, and then 

10 changing the individual light transmission pixels of the illumination array to 

adifferent on/off status correspond^ to a d^^^ 
the field iris. 

120. A method for projecting a selected image into an image plane of a 

15 sampleofarmcroscope,thermcroscope«)mprismgaspatialUgto 

iUumination array of individual light transmission pixels and disposed in a first mumination 
light path ataconjugateimageplaneofthe sample, to provide a first spatial Ught modulator, 
wherein the first spatial light modulator is operably connected to at least one controller 
containmgcomputer-implementedprogran^^ 

20 Ught transmission pixels of the Ulumination array to correspond to the selected image, the" 
microscope further comprising a second illumination Ught path that provides illumination 
light to the sample, the method comprising: 
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setting the individual light transmission pixels to an on/off status 

corresponding to the selected image, and 

projecting light onto the spatial light modulator such that the light passed by 
the spatial light modulator along the illumination light path to the image plane of the sample 
5 conveys the selected image. 

121. The method of claim 120 wherein method further comprises 
projecting the selected image onto the sample. 

1Q 12 2. The method of claim 120 wherein method further comprises 

projecting the selected image adjacent to the sample. 

123. The method of claim 108 or 109 wherein the microscope further 
comprises a light detector comprising a detection array of individual detection pixels and 
15 disposed downstream from the sample in a detection light path at a conjugate image plane 
of a sample, wherein the spatial light modulator and the light detector are operably 
connected to at least one controller containing computer-implemented programming that 
controls transmissive characteristics of the upstream spatial light modulator and that 
compiles the light intensity detection data provided by the light detector, wherein the 

20 method further comprises: 

selectively varying the on/off status of individual light transmission pixels of 
the spatial light modulator to vary the light intensity impinging on selected spots of the 
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sample and thereby vary the intensity of Ught emanating from the selected spots of the 
sample and impinging on at least one pixel of the light detector. 

124. A method for providing uniform intensity of illumination Ught to a 
5 sample in a microscope, wherein the microscope comprises a spatial Ught modulator 
comprising an iUumination array of individual Ught transmission pixels and disposed in an 
iUumination light path at a conjugate image plane of a sample and a Ught detector 
comprising a detection array of individual detection pixels and disposed downstream from 
the upstream spatial Ught modulator at a conjugate image plane of the sample and that 
10 receives Ught directly from the upstream spatial light modulator, wherein the spatial Ught 
modulatorandmeUghtdetectora^ 

computer-implemented programming that controls transmissive characteristics of the 
upstream spatial Ught modulator and that compiles the Ught intensity detection data 
provided by the Ught detector, the method comprising: 
15 varying the on/off status of individual Ught transmission pixels of the spatial 

Ught modulator to compensate for non-uniform Ught intensities detected by the Ught 
detector, thereby providmg a ur^orm intensity ofillumination Ught that is t^ 

sample. 

20 125. A method for varying the intensity of Ught emanating from a sample 

to a light detector in a microscope, wherein the microscope comprises a spatial light 
modulator comprising an iUumination array of individual Ught transmission pixels and 
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disposed in an Nomination light path at a conjugate image plane of the sample and a light 
detector that comprises a detection array of individual detection pixels and is disposed 
downstream from the sample in a detection light path at a conjugate image plane of the 
sample, wherein the spatial light modulator and the light detector are operably connected 

5 to at least one controller containing computer-implemented programming that controls 
transmissive characteristics of the spatial light modulator and that compiles the light 
intensity detection data provided by the light detector, the method comprising: 

varying an on/off status of individual light transmission pixels of the spatial 
light modulator to vary the light intensity impinging on selected spots of the sample and 

10 thereby varying the intensity of light emanating from the selected spots of the sample and 
impinging on at least one pixel of the light detector. 

126. The method of claim 125 wherein the method further comprises 
selectively varying the on/off status of individual light transmission pixels of the spatial light 
15 modulator such that when the light intensity impinging on a pixel of the light detector is 
greater than or equal to a threshold level that indicates that the light intensity significantly 
adversely affects adjacent pixels then turning off at least one corresponding pixel in the 
spatial light modulator for a time sufficient to reduce the light intensity impinging on the 
pixel of the light detector below the threshold level. 

20 

127. The method of claim 125 wherein the method further comprises 
selectively varying the on/offstatus of individual light transmission pixels of the spatial light 
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modulator such the light intensity impinging on the detection array of pixels of the light 
detector is uniform across the detection array, and determining the light intensity 
characteristics of the sample by detenruning an amount of time individual pixels in the 
illumination array of the upstream spatial light modulator are on or off. 

5 

128. The method of any one of claims 1 19 to 127 wherein the microscope 
is a confocal microscope, wherein the method further comprises providing at least one 
illumination spot to the sample by causing at least one individual light transmission pixel of 
the spatial light modulator to be on while adjacent pixels are off and the detection array 
10 selectively detects the illumination spot. 

129. The method of claim 128 wherein the spatial light modulator to 
simultaneously forms a plurality of the iuumination spots and provides sequential 
complementary patterns of the spots. 

15 

130. The method of claim 128 or 129 wherein the method further 
comprises detecting light impinging on a central detection pixel aligned with an individual 
light transmission pixel of the spatial light modulator that is on and detecting Ught impinging 
on at least one detection pixel adjacent to the central detection pixel, and compiling the data 

20 provided by the at least one adjacent detection pixel and combining it with the data provided 
by the central detection pixel. 
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13 1 The method of claim 130 wherein the method further comprises 
compiling the data provided by the adjacent detection pixels and combining it with the data 
provided by the central detection 

of the microscope is enhanced compared to the focus without the data from the adjacent 
5 detection pixels. 

132. The method of claim 131 wherein the method further comprises 
compiling the data provided by the adjacent detection pixels and combining it with the data 
provided by the central detection pixel and therefrom determining the light absorption 
10 characteristics of the sample. 

133. The method of claim 129 wherein the method further comprises 
providing the plurality of the sequential complementary patterns of the Ulumination spots 
such that all areas of the sample in the illumination light path are illuminated in less than 
15 about .03 seconds. 

134. The method of claim 129 wherein the method further comprises 
providing the plurality of the sequential complementary patterns of the illumination spots 
such that all areas of the sample in the ulumination light path are illuminated to provide a 
20 complete cycle of illumination and then detecting the illumination spots no more than once 
for each complete cycle of ulumination, thereby providing real time directly viewable 
confocal microscopy. 
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135. A method of confocal microscopy comprising use of a microscope 
comprising . firs, spatial light modulator comprising a first illumination array of individual 
Ugh. transmission pixels, the first spatia. Ught modulator disposed in an fflumination Ugh. 
5 path a. a conjugate image p.ane of an aperture diaphragm of an objective lens .o provide a 
first upstream spatia! light modulator, a second spatial Ugh. modula.or comprising a second 
ffl u „^onarrayofmdividualUgh.t«^ 

path a. a conjugate image plane of a sample to provide a second upstream spatial light 
modulator, and aUgh. detector located audownstieam end of thede.ec.ion Ugh. pad, the 

Ugh. modulators and .he light detector are operably connected to at leas, one contioUer 
comaining compu.er-imptaen.ed programming ft* controls the light transmissive or 
detection characteristics of the spatial Ugh. modulators and .he Ugh. detector, wherein the 

method comprises: 

15 selecting a desired angle of Ulumination and detection by turning on a 

sdected portion of .he individua. Ugh, transmission pixels of the firs, iUumination array 
corresponding to the desired angle of ulumination and detection, and 

selecting a desired iUumination spot by turning on a selected portion of the 
individual Ught transmission pixels of the second iUumination array corresponding to the 
20 desired illumination spot such a. leas, one individual Ugh. uansmission pixel of the seoond- 
iUumination array is on whUe adjacent pixels «offandti-e detection pixels of *e detection 
array are positioned to selectively detec. me iUumination spot. 
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136. The method of claim 135 wherein the method further comprises 
simultaneously providing a plurality of the iUumination spots and then providing provide 
sequential complementary patterns of the spots. 

5 

137. The method of claim 135 or 136 wherein the method further 

comprises: 

providing a plurality of desired angles of illumination of the sample, and 
detecting changes in intensity in the detection array of individual detection 
10 pixels corresponding to the plurality of desired angles of illumination and therefrom 
determining a three-dimensional image of the sample. 

138. The method of claim 135 or 136 wherein the method further 

comprises: 

15 providing a plurality of images of the sample at a corresponding plurality of 

different depths within the sample, and then 

tomographically reconstructing the different images to provide a three 

dimensional image of the sample. 

20 139 . The method of claim 138 wherein the method is performed without 

moving the sample, a condensor lens or an objective lens. 
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140. The method of any one of claims 108 to 139 wherein the method 
further comprises time-delayed fluorescence detection, the method comprising: 
Uluminatmgthes^^ 

in the sample, 

5 ceasing illuminating the sample, and then 

detecting fluorescence emanating from the sample. 
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